




NEGATIVE RESISTANCE
by Dr. Ir. A.H. Boerdijk J

A portion of the current-voltage characteristic of certain devices, such as
the thyristor, the tunnel diode and the magnetron, has a negative slope, that
ls, the current decreases with increasing applied voltage or the voltage

drops when the current increases. This behaviour is, of course, opposite to
that of an ohmic resistance. Whereas an ohmic (positive) resistance

consumes power, a negative resistance appears to supply power. Negative
resistance may be simulated electronically as described in this article.

From a pure arithmetic point of view, nega-
tive resistance rernains resistance with the
only difference that it is preceded by a minus
sign. Figure I shows a convcntional ohmic
resistance and a negative resistance wirh an
identical voltage applied across thern. The
difference in behaviour of the {WO is elear:
the currents through them flow in opposite
directions.
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Fig.1.

When a positive and a negat ive resistance
are connected in series or parallel as shown
in Fig. 2, the results are very interesting. The
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Fig.2.

series combination (Fig. 2a) yields a short
circuit:

Rs = R +(-R)= O.

The parallel network (Fig. 2b) yields

Rp = _R2 / [R + (-R)] = -R 2/0 =--=,

that is, a perfect insulator.
To confuse you further. in Fig. 3 a 10-V

potential is connected across aseries COtn-

bination of a positive resistance of 100 1 kQ
and a negative resistance of 1000 kQ.
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Fig.3.

The total resistance in the loop, ignoring the
internal resistance of the voltage source, is
1 kQ. The current flowing in the loop is
therefore 10 mA, and this causes a drop of
10.01 kV (') aeross the 1001 kQ resistanee.
This does not indicate a new way of gen-

erating very high voltages, of course. as a
quick consideration of the power distribu-
tion shows.
In Fig. Ia, the positive resistance dissi-

pates apower P = 12 R or P =U2/ R, whereas
in Fig. Ib the negative resistance delivers
power 10 the voltage source. This means that
negative resistance is not just a pass ive COITI-
ponent and also timt it can not exist by itself
(since the power delivered to the voltage
source musr come frcm somewhere).
In fact, a negative resistance may be Si111-

ulated by an electronic network as shown in
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Fig.4.

Fig. 4, where ir exists between A and B. Ter-
minal A is connected to a variable voltage
source between terminals C and B that gen-
erates a voltage UCB = 2U AB. Ifthe potential
at A is positive with respecr to B, the voltage
at C is so, too. A eurrent, I = UcA/R flows
rhrough R in the direction indicated, that is,
from B (-) to A (+). In other words, ihe re-
sisrance between terminals A and B is neg-
ative.
When considering the operarion of this

network, ir is important to pay anenrion only
to terrninals A and B: rhe circuitry hidden
behind thern is 01' no consequence here.

In practice

The circuit in Fig. 5 is constructed from an
opamp and three resistors. while a negative
resistanceof-l kQ is simulated between rer-
minals A and B. The operation may be
checked by connecting a 4.7 kQ resistor in
series with terrninals A and B. The total re-

•
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Fig.5.

sistance measured with a standard ohmrne-
ter is 3.7 kQ, which shows that the effect of
a negative resistance can be measured. The
value ofit depends on the valueofthe ourput
resistor used in the sirnulation circuitand rhe
ratio ofthe othertwo resistors. Replacing the
fixed I kQ resistor by a variable type enables
a wide range of negative resistance values
to be obtained.
Another fairly simple rnethod is to COIl-
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nect a conventional resistor in series with
the negative resistance. In this example, this
resistor should have a value not exceeding
Ikn to prevent the negative resistance from
disappearing.
If a resistor (fixed or variable) greater

than I kQ is connected in parallel with ter-
minals A and B, the negative resistance in-
creases (becomes rnore negative). The cir-
cuit in Fig. 5 is very suitable forexperirnent-
ing with negative resistance.
When the circuit of Fig. 5 is translated

into a practical design, a certain load, Ry•
will exist between tenninals A and B. This
load has an effect on the operation ofthe cir-
cuir and its value must therefore be higher
than the absolute value of -R. that is, in this
circuit greater than 1 kn.
If the load across terminals A and B is

always smaller than-R, the circuit is still us-
able, but the connections to the inputs ofthe
opamp rnust be reversed (this maintains
the required feedback).

Although the circuit in principle be-
comes unstable only when the numeri-
cal values of Ry and -R are identical, it
will be found in practice ihat it does not
function satisfaetorily when the values
are close ro anorher.
lt will have beeome clear that rhe

maximum potential drop across the
negative resistance is highly dependent
on the voltage source used for fhe sim-
ularion circuit. This also explains why
the circuit of Fig. 3 does not generate a
very high voltage, although it works
satisfactorily: the supply votrage is not
high enough.
The output characteristic of the

opamp detennines the rnaximurn cur-
rent tbar can flow through the negative
resistance. If largercurrents are wanted,
the output of the opamp must be pro-
vided with an additional stage. It is, of

is low, because it is heavily affected by the
(loss) resistance of the inductor. lt may be
improved considerably by adding a variable
negative resistance in parallel with the cir-
cuit. This is aeeomplished as shown: the
fixed negative resistance is connected be-
rween A and B, and the potentiometer en-
abi es the losses caused by the resistance of
the inducror to be compensated.
Ir is even possible to set the circuit into

oscillation by making the negative resis-
rance sufficiently large. that is, by reducing
the value of the parallel resistanee. The fre-
quency range of the circuit will then be re-
stricted, however, by the bandwidth of the
simulation circuit.
Another application is the improvement

ofthe corurol range ofsmall d.c. motors. The
roraring speed of such motors, especially at
the low end of the range, is heavily depen-
dent on the load moment. In fact, at a given

r---------------------, point the motor just stops abruptly.
This behaviour may be improved

greatly with the aid of the circuit in Fig. 7,
wh ich contains not only a variable neg-
ative resisrance but also a variable supply
for the motor, Potentiometer PI controls
the rotating speed of the moror, while P2
sets rhe value of the negative resistance.
Experiments with a small d.c. moror

showed that the deviation ofthe moment
vs speed characteristic from the ideal
could be improved by a factor of2.7.
A final applieation is the use of a 3-Q

negative resistance to charge a bartery.
Connected to a 12-V battery, the charg-
ing current is 4 A; connected to a 6- V
bauery, the charging current is 2 A.
Such a negative-resistance charger has

some peculiar properties: the connec-
tions to the battery terminals may be re-
versed with impunity and the short-cir-

L .J cuit current amounts 10nought. •

course, also possible to use an opamp that
handles larger currents.

Applications
In practical electronics. negative resisrance
is used tocompensate (ohmic) losses. A typ-
ieal example is an LC circuit as shown in
Fig. 6. The resonanr frequency of this is 800
Hz and the Q-factor is 5.4. The value of Q

~
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LOW-FREQUENCY CRYSTALS
Euroquartz of Crew kerne, Somerset, have
available low-frequency, fundamental
mode crystals in the range 40-800 kHz to
customer-specified frequencies. Crystal
cuts include +5° X-cut, DT-cut and CT-cut.
Holder types inc1ude HC49/U, HC50/U,
HC51/U, HC6/U, HCI3/U andHC34/U, all
in resistance-weld packaging.
Calibration tolerances are available

from ±20 ppm and with temperature stabil-
iry characterisrics dependent on frequency
and operaring temperature range.
Euroquartz Ltd • Blacknell Lane Indus-
trial Estate • Crewkerne TAlS 7HE
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Fig.6.

Fig.7.

SMALL LASER DIODE MODULE
The new Imatronic LDM 135 module from
Lambda Photometries comprises a laser
diode, collimating optics and drive elec-

tronics in a compact housing of 16 mm dia.
by 49 mm height. Power (3-5.25 V) is ap-
plied via rwo colour-coded flying leads. Al-
though preset to produce a parallel beam,
the focal length is easily adjusted to focus
tbe beam to a fine spot.
There are four basic versions: 0.5 mW,

I mW,2 mW and 3 mW at 660-685 nm.
The unit makes an ideal replaeement for

He:Ne lasers and in many applieations will
prove rnore suitable.
Unit prices start at f: 195, but quantity

discounts are available.
Lambda Photometries Ltd • Lambda

House • Batford MilI· Harpenden • Herts
ALS 5BZ.



MICROPROCESSOR-CONTROLLED
TELEPHONE EXCHANGE
The telephone exchange presented here allows up to eight

pulse-dialling telephone sets to be connected, and has an option tor
connecting calls to or trom an external (trunk) telephone line. The
unit is controlled by the popular 8052-based BASIC computer we

introduced a tew years ago.

A.Rigby ~

Since the telephoneexchangeiscontrolled by
a computer, it is relatively easy to add cr
changecertain features simply by extending
or changing the control program. The nice
thing about the 8052-based computer used
here (Refs. 1 and 2) is that it can be pro-
grammed in BASIC, a computer ianguage
familiar to many. In the present epplicatton.
the BASrCcomputerruns its application pro-
gram frorn an on-board EPROM. AlJ that is
required to modify this program is a terminal
or a pe running a communications progran1,
and a three-wire link to the BASICcornputer.
With these tools, the user is at liberty to edit
and extend the existing contral program in
order to 'customize' thetelephoneexchange.
The terminal or pe is no longer required once
the control program has been tested and
found to work aU rtghtlf you have no inten-
tion to change the 'standard' conrrol pro-
gram, or lack the ability to program in
BASIC, simply use the ready-programmed
EPROM available for this project. In most

cases, thls standard control program will
proviele a11the necessary functions users of
a telephone exchange for a small network in
the home or small office or workshop have
ccme to expect.

Telephone: the basics
Before dtscusstng the operanon of the tele-
phone exchange, it is useful to look at the
basic operation of the telephone system. In
the following discussion, it ts assumed that
pulse-dialling telephone sets are used. The
operanon of tone-dialling (DTMF) is not
covered. Details on thissystem may be found
in Re!. 3.

Figure 1 shows the general lay-our of a
telephone connection. When the receiver is
on the hock. the bell inside the telephone set
is connected to the telephone line. When the
receiver is lifted, the voice circuit of the set is
connected to the telephone network, and a
direct current flows through the micro-

MAIN FEATURES

8 internal lines

1 externalline

memory for 10 numbers

internal through connections

versatile computer control

automatie hold for external line

sfmple-to-extend

can be interfaced to a pe
selective external call acceptance

shortcut dial codes for external
number

works with pulse-dialling telephone
sets

one optional relay for extra switch-
ing function

phone. The telephone extensions connected
to the network receive their supply voltage
from the local telephone exchange. All sets
are connected to two lines and operate free
from the earth line. The use of balanced lines
is a simple, yet effective, way, to eliminate
noise in the network. Since any noise in-
duced on the network Is, in principle,
equally streng end of equal phase on the 'a'
and 'b' lines, it is effectively inaudible.

Outgoing calls
The timing diagrams in Fig. 2 show the
switching sequences during a telephonecalL
Again, only the 'a' and 'b' lines are involved
in establishing the call. Norma11y, a voltage
of 50 to 60 V exists between these Iines. The
exchange detects that a receiver is Iifted
when the Jine voltage drops to about 10 V,
and a microphone current of about 20 mA is
established. Next, the exchange sends the
dial tone to the calling extension to indicate
that a number may be dialled, In the pulse-
dialling system, the current loop is inter-
rupted repetitively. The pulse rate usually
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lies between 9 and 11pulses per secend. The
'break' period is called 'pulse', and the 'con-
nect' period is called 'pause'. The pulse
length is generally defined as 61.5%±3% of
the pericd. Assuming that the period is 100-
ms, the current is interrupted for periods of
58.5 to 64.5 ms. The pause allowed between
successive numbers is 0.7 to 1 s.
The loca1 exchange starts to call up the

wanted extension with the aid of a ringing
signal after the complete number has been
received from the calling extension. When
the call is answered, the exchange starts to
puta costcountsignal on the 'e' and 'b' lines,
This signal is a sine-wave burst with an am-
plitude of about 50 V. Since it is the sarne on
the 'a"and 'b'Hne. itis inaud.ibletothecalling
as weIl as to the called party. A cost rounter.
however. is connected asynunetrically to the
network to allow it to detect the pulses.
When eitherparty rings off (puts the receiver
down), the voltage between the 'a' and 'b'
line reverts to the 'standby' level of 50 to
60 V.

Incoming calls
The operation of the telephone system in the
case of incoming calls is illustrated in Fig. 3.
An incoming call is detected by the ringing
signal prod.ucedby the telephone set. The ex-
change calls up the extension by putting an
alternating voltage of about 50Vpp on the 'a'
and 'b' lines. The fact that the signals on 'a'
end 'b' are in anti-phase allows the telephone
to detect the ring signal and actuate a
sounderdevice (usually a small bell or buzz-
er). The rtngtng continues until the called
party lifts the receiver to answer the call. If
the call is not answered after a predeter-
mined number of rings, the connection is
broken (in the exchange discussed here, the
maximum numberofringsissetto 13).When

M1CROPROCESSOR·CONTROLLED TELEPHONE EXCHANGE I
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Fig. 1. IIlustrating the basic operation of the two-wire telephone system.

the calIed party lifts the receiver before the
last ring, the previously mentioned direct
current flow is established. enabling the ex-
change todetect that tbe call isanswered. The
telephone conversation can begtn!

Electronics at work
The signal sequences shown in Figs. 2a aud
2b are genera ted and processed by the inter-
face board of the telephone exchange, while
the control functions are carried out by the
BASICcomputer. The function of the inter-
face board, of which the circuit diagram Is
shown in Fig. 3, is to convert the digttel sig-
nals supplied by the computer board to tele-
phone network signals, and vice versa.
The eight interfaces that establish the

connections with the telephone extensions
are shown at the top of the circuit diagram.
The extensions are connected either to the

WA!T line or to the V01CE line. Extensions
used fora telephoneconversation arealways
connected to the VOICE Iine, which provides
the necessary supply voltage. Extensions not
involved in the conversation are connected
to ehe WAIT Iine, and produce the 'engaged'
tone when the receiver is lifted. A number
can only be dialled when the exchange is
back in the wait state with all extensions con-
nected to the VQ1CE line.
The interface board is linked to the BASIC

computer via connector K14, which carries
a1l the necessary signals for proper com-
munication between these units. The Y7stg-
nal supplied by the address decoder on the
BASICcomputer board is used to select the
legte on the Interface board. The line is actu-
ated in the address range between EOOOHand
FFFFt·I,which is split into three parts with the
aid of address l.inesAl 0, All and A12, giv-
ing buffer devices IClS; lC16 and IC17 their

a
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Fig. 2. Waveform sequences on the telephone lines, showing the call charge pulses (Fig. 2a) and the ring signal (Fig. 2b).
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I GENERAL INTEREST
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Fig. 3. Circuit diagram of the telephone exchange. This circuit is connected 10the B052-based BASICcomputer via connector K14.

•

proper location in the memory map. The INT
signal supplied by the Interface board serves
to wake up the BASIC processor from its
stand-by state when a ringing signal is de-
tected on the externalline. The 8052 proces-
sor generates the 'engaged' tone on the PWM
line. A dial tone is not generated-the net-
work is free fOT dialling an extension when
the receiver is silent upon being Iifted. The
rematning lines on K14 carry data signals,

,
e

2 ~~
iidl2ii~iii

read and write signals, end the supply volt-
age.
Circuits ICIS and IC16 are latches that

function as additional 1/0 registers for the
conrrol of the switching functions available
in the exchange. Relays are used for the ac-
tual switching actions. Eight-bit register lets
controls relays Rer-Rea via the power dri-
verscontained in rCIB. These relays are used
to switch the associated telephone sets be-

I" I

tween the VOICE and the WAITline.The three
least-significant datalines on rC16 switch re-
lays Re9,Reto and Ren, The first, Re9, is used
to generate the rtngtng signal. In the stand-
by state, transistor Tl is connected to the
VOICE line, and provides a1l telephone sets
with their supply voltage via the VOICE line.
The gyrator configuration of the transistor
prevents the supply short-circuiting voice
signals frOITI being superimposed on the di-
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reet voltage. When Re9 is switched, the fu11
trans former voltage is applied to the VOICE

line. As a result, the bell in the extension con-
nected to the VOICE line starts to ring. The
calling party hears the ringing signal as a
series of buzzing tones.
Relay Rein 1S intended for optional exten-

sions, such as a telephone-conrrolled door
opener,and can becontrolled by appropriate
modifications to the BASICcontrol program.
Relay Reu is used to transfer a call re-

ceived on the external line to another exten-
sion in the network. By switching Ren, the
external line is terminated at the required
impedance. As a result, the line is held while
the exchange is being used for internal calls.

Moking 0 coll
When the receiver on any of the extensions
ts lifted to make a call. a current starts to flow
that causes the LED in the associated opto-
coupler to light. This results in the relevant
lNP line being pulled low. The processor
iden tifies the ca11ing extension by reading the
legte 0 it produces in lC17at address EFFFH.
Next, a write command is issued to IC15and
lCi6 (at addresses FBFF" and F7FFH respec-
tively) to connect aUother extensions to the
WAIT line. These extensions are effectively
disabled and produce the 'engaged' tone
when the receiver is lifted.
The processor counts the dialling pulses

produced by the calling extensions via JC17.
The dia lIed number determines what hap-
pens next. When a 0 is dialIed, relay Re12is
actuated, and the externai line is selected to
establish a connection to another telephone
network or another exchange. The line trans-
former, Tr2, is connected to the externalline,
and all dialling pulses that follow the 0 are
fed to the externalline by Re12being actuated
in their rhythm. The relay contact switches
between a Iow impedance (the line transfor-
mer) and a high impedance (the ring pulse
detector). The dialJing pulses are fed out of
the exchange via ICn, IC12, IeI3 and IC14,
alter the right OR gate (IC12,-IC12d or
IC13,-IC13d) has beenenabled via IC20. Gate
IC11d ensures that dialling pulses produced
by one of the internal extensions are not
passed to the external Iine while this is on
hold. This is an important feature when an
call received via the external line is being
transferred to another extension served by
the exchange.

Receiving externol colls
Calls that reach the exchange via the external
line are detected by the ring pulse detector
based areund D23,D24,D25,R12,CIl and JC9.
When a ringing pulse is detected, IC9 pulls
the lNTl line of the BASIC processor Jogic
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Fig. 4. Ready for use: completed BASIC computer and telephone exhange boards.

low. Only those extensions allowed to accept
calls from the external line remain on the
VOICE line; a11others are connected to the
WAIT line. A ringing signal is placed on the
VOICE line with the aid of Re9. A total of 13
rings with 2.5-second pauses is allowed. The
first extension that answers the call is con-
nected to the external line. Once again the
telephone conversation can begin!
After it has been answered, the external

call can be transferred to another internal ex-
tension. To do this, the active extension puts
the receiver down and dials the number of
the wanted extension. Theexternalline is not
disconnected until any receiver has been Oll
the hook for more than five seconds. While
the external caller is on hold, the answering
extension dials another extension. The exter-
nalline is connected to whichever extension
remains on the line when the other puts the
receiver down.1f the wanted extension does
not answer the call, another one may be
tried. Tn aUcases, however, the total time the
receiver is down must not exceed five sec-
onds. If none of the other extensions
answers, the external caller may be con-
nected again by dialling YOUT own number.

Construction
Figure 5 shows the track lay-outs and the
component mounting plan of the double-
sided, through-plated printed circuit board
for the telephone exchange. The board has
been designed to form a compact unit
together with the BASIC computer. The
greater part of the board space is reserved for
the relays and the opto-couplers. Assuming

that the ready-made board is used, the actual
construction ts unlikely to present problems
if carried out with the necessary care. Accur-
ate soldering is a must, though, to prevent
short-circuits.
The two Iransformers are fitted as exter-

nal parts on separate pieces of veroboard or
stripboard to keep the overall size (and with
it the cost) of the interface board as small as
possible. Be sure to observe the necessary
safety precautions becauseof the presence of
the mains voltage on the mains transformer
board. The BASIC computer is powered by
aseparate, regulated, 5-V supply.
The telephone sets and the transformers

are connected to plastic er ceramic terminal
blocks fitted on the PCS. Thecontacts of (op-
tional) relay Retc are available on connector
K9for experimental purposes.
The construction and operanon of the

BASIC computer is not covered here---for
details, please ccnsult Refs. 1 and 2. A small
modification must be made to the existing
circuit in regard of signals PWM, Y7 and
INT1, which ere not available on the expan-
sion connector of the computer board. Three
wire links are fitted to overcome this prob-
lern: conncct pin 3 of K2 (lNT1 signal) to
pin 10 of Ki. Next,connect pin 4 of.K2(PWM
signal) to pin 15 of Kt. Finally, connect pin 8
01 K2 (Y7 signal) to pin 7 01 TC3(74HCTl38).
Since these wires go to previously unused
pins of K2, they do not affect the normal
operation of the BASIC computer.
The two boards are connected via a short

length of flatcable fitted with IDC sockets
that connect to K2 at the BASIC computer
side and Kic at theinterface board side. After
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Fig. 5a. Track layouts 01the double-sided, through-plated printed-circuit board.

fitting the system EPROM into its socket on
the BASICcomputer board, and resetting the
system, the exchange is ready for use.

the operation. As al ready stated, the pro-
gram ts suppbed in the form of an EPROM.
Those of you who want to change it may get
out their terminal cr pe, COlU1€ct it to the
BASIC computer, and suspend the program
by typing control-C. Next, LIST the program,
and edit it as required. RUN the program to
check thatitdoes what you want. Thesyntax
requirements of the 8052 BASIC interpreter
are covered in the relevant Intel manual,

Control software
Software is essential forany microprocessor-
based system. The control program for the
telephone exchange is written in BASICwith
plenty of comment in the listing to explain

while possible problems with the communi-
cation between the terminal or pe and the
BASTCcomputer are tackled in Reis. 1 and 2.
A short description is given of rhe func-

non of the main routines in the control pro-
gram:

the internal numbers start with a '1', i.e.,
the extensions in the network have num-
bers 11 up and including 18.
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Fig. Sb. Component mounting plan.

COMPONENTS LIST

Resistors:
8 3300
2 10kO
1 68kn
1 1kO
1 6800
1 4700
1 4k7
1 SIL array 8x10kn

R1-R8
R9;R15
R10
R12
R13
R14
R16
R17

Capacitors:
9 100nF
1 10~F16V
1 100~F25V
1 220nF
1 2~2 100V
1 22nF

C1--G8;C14
C9
C10
C11
C12
C13

a total of ten shortcut codes is allowed far
external numbers. These codes statt with
a '2', i.e., 20 up to and inc1uding 29 are
available.
the codes used for shortcut dialling are
stored by first dialling '3'. Next, dial the
code (0-9), folJowed by the number of
the external connection. The processor
stores the shortcut code and the associ-
ated nu mber when the receiver is put
down. All codes are available to all ex-
tensions in the network served by the ex-
change, and they may be changed at any
time by any extension.
a parficular extension can be d isabled
from receiving external calls by dialling

ELEKTOR ELECTRONICS OCTOBER 1990

Semiconductors:
10 CNY17 IC1-IC10
3 74HCT32 IC11;IC12;IC13
1 74HCT30 IC14
2 74HCT377 IC15;IC16
1 74HCT245 IC17
2 ULN2803 IC18;IC19
1 74HCT138 IC20
1 7815 IC21
1 BC517 T1
1 BC547B T2
21 1N4148 01-020;025
1 1N4001 021
1 10V O.4W zener diode 022
2 27V O.4W zener diode 023;024
2 6V8 O.4W zener dtode 026;027
1 EPROMwith control program for BASIC

'5'. This can be undone by dialling '6'.

The function of dial numbers '4', '7', '8' and
'9' is not fixed, although the softwate has
built-in routines to intercept them. Number
'8', for Instance, could be used to switch on
relay Retu, and number '9', to switch it off
agam. To be able to da this, YOli have to in-
c1ude the appropriate writecommand in the
number interception subroutine, test the op-
tion. and program a new EPROM. •

References:
1. BAS1C computer. Elektor Electronics No-
vember 1987.
2. ROM-copy for 8052-BASIC cornputer.

computer. Order code ESS 5941.

Miscellaneous:
12 2-way PCS terminal bleck K1-K8;

K1O-K13
K9
K14

3-way PCS terminal block
40-way r'ca-mount plug
with ejeet headers

12 5-V SPOTPCB-mounl
relay, Siemens type
V23127-B0001-A101
24V 3.3VA mains transformer Tr1
telephone line transformer Tr2
typeVLL3715T
printed-circuit board

Re1-Re12

900081

Elektor Eieeirenies September 1990.
3. Dual-tone rnulti-frequency (DTMF)
decoder. Elektor Etectronics May 1989.

IMPORTANT NOTICE

The telephone exchange described
here is not type-approved by British
Telecom and may not be connected to
the public switched telephone net-
work (PSTN). In countries other than
the UK, the relevant PTT authorities
should be contacted about type-ap-
proval. In the text, 'external line' is
meant to indicate a wire system other
than the PSTN.
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Fig. 5a. Track layouts of the double-sided, through-plated printed-circuit board.

fitting the system EPROM into its socket on
the BASICcomputer board, and resetting the
system, the exchange is ready for use.

the operation. As already stated, the pro-
gram is supplied in the form of an EPROM.
Those of you who want to change it may get
out their terminal or pe, connect it to the
BASIC computer, and suspend the program
by typing control-C. Next, LISTthe program,
and edit it as required. RUN the program to
check that it does what you want. The syntax
requirements of the 8052 BASIC interpreter
are covered in the relevant Intel manual,

Control software
Software is essential for any microprocessor-
based system. The control program for the
telephone exchange is written in BASICwith
plenty of comment in the listing to explain

0 - 0

~e .))
~

~el
0
0
0
0

0

while possible problems with the communi-
cation between the terminal or PC and the
BASICcomputer are tackled in Refs. 1 and 2.
A short description is given of the func-

tion of the main routines in the control pro-
gram:

- the internal numbers start with a T, i.e.,
the extensions in the network have num-
bers 11 up and incIuding 18.
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:[TIONS CORRECTIONS CORR~
400-watt laboratory power
supply
October 1989 and November 1990
A number of constructors of this popular
project have brought the following problems
to our attention.

1. The onset point of the current limit cir-
cuit lies at about 3 A, which is too 10w. Solve
this problern by repladng TI with a Type
BC517 darlington transistor, and R20 with a
82kQ restetor.

2. Depending Oll thecurrent transfer ratio
of the optocoupler used, the trans former
produces ticking noises. This effect, which is
caused by overshoot in the pre-regulation
circuit, may be traced with the aid of an 05-
cilloscope monitoring the voltage across C26
at a moderate load currcnt. The capacitor
must be charged at each cycle of the mains

frequency I and not once every five cycles.
The problern is best solved by reducing the
amplification of the regulation circuit. Re-
place RI7 with a 39 kQ resistor, and create
Feedback by fitting it between the base and
the coUector of T3. Also add a resistor in
series with the optocoupler. These two
changes are illustrated in Pigs. 1 and 2.
Lower R16 to 10 ill, increase C24 to 10 IlF,
and increase Rl5 to 270 kQ.

3. Excessive heating of the transformer is
caused by a d,.c. component in the primary
winding. This is simple to rernedy by fitting
a cepacftor of any value between 47 nF and
470 nF, and a voltage rating of 630 V, across
the primary connections. This capacitcr is
conveniently mou.nted on to the PCS termi-
nal block that connects the tmns formet to the
mains.
4. One final point: when using LED

1

original

+ 12V

."
."
220.

'~
~ IC5

2 ~ CNY17-2

."
270.

mOdJli"d

... 1 ~~ KJ5
2 ~CNY17.2

Y--O--J

2

OVMs for the voltage/current indicatiou,
their ground line must be connected to the
positive terminal of Cu.

Hard disk monitor
December 1989
In some ca ses, the circuit will not reset
properly because the CLEARinput of IC3A is
erroneously connected to ground. Cut the
ground track to pin 3 of TC3,und use a short
wire to connect pin 3 to pin 16 (+5 V).

Microprocessor-controlled
telephone exchange

October 1990
In some ca ses, the timing of the signals ap--
plied to ICl7 causes a latch-up in the circuit,
so that the exchange does not detect the state
of the connected telephones pmperly. Solve
this problem by cutting the track to pin 1 of
ICI7, and connecting pin 1 to ground (a suit-
able point is the lower terminal of C6).
The text Oll the fitting of wires on the

BASIC computer board (page 19, towards
the bottom of the right-hand cclurnn) should
be modified to read: 'Finally. connect pin 60f
K2 to pin 70110 (Y7 signal).'

5-VHS/CVBS-to-RGB
converter (2)

Ocreber 1990
The capacitor marked 'C37', next to R2·1Oll
the component overlay (Pig. 7b and ready-
made printed circuit board), should be
marked 'C39'.

In case they are difficult to obtain locally.
inductors type 119-LN-A3753 (LI) and 119-
LN-A5783 (U) may be replaced with the re-
spective types 119-ANA-5874HM and
119-ANA-5871 HM, also lrom Toko, lnc.
Suggested suppliers are Cirkit Distribution
Ltd., and C-I Electronics.

EPROMsimulator
December 1989
Counters 10 and IC4 may not function
properly owing to a too low supply voltage.
This problern may be solved by replacing
ren with a 7806. Alternatively, use BAT85
diodes in positions 01 and 02.

Programmer for the 8751
November 1990
The ready-programmed 8751 for this project
is available at E3S.25 (plus VAT) underorder
number ESS 7061, not unde.r order number
ES55951 as stated on the Readers Services
pages in the November end December 1990
issues.
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GUITAR TUNER
by T. Giffard

A guitar is one of those instruments that needs to be tuned daily.
The number of tuning aids on the market indicate that many play-
ers do not find this tuning all that easy. The electronic tuner pre-
sented here will make tuning easier for the beginner as weil as for

the advanced player.

For almest three centuries guitarists have
used a tuning-fork (invented in ] 711 by [ohn
Share) or a pitch-pipe (which appeared 1ater
that century) as a11 aid to tuning their instru-
ment. Between the two world wars, electrical
aids to tuning became papular. Typical of
these is the resonoscope, introduced almest
simultaneously in the USA and the UK in
1936, which gtves a visual indication at the
correct tuning piteh. Same drawbacks of
them are that they are not easily made and
that beginners never leam how to tune the
guitar properly The tuning-fork and pitch-
pipe (also known as flue) are not ideal either.
The tone of a turung-fork is barely audible
and lasts but for a few moments. The pitch-
pipe has a better volumeand lasts for as long
as the breath of the tuner allows, but its accu-
racy often leaves much to be desired
(depending on its quality, of course).
The present tuner may be considered as a

very accurate electronic pitch-pipe. Accu-
racy of pitch is ensured by a quartz crystal,
since even a mediocre crystal does not devi-
ate frorn its nominal frequency by more than
100 p.p.m. (0.01%).
The six tones (US: notes)" required for

tuning a guitar are obtained by dividing the
erystal frequency with a presettable divider.
Once the divider settings have been esteb-
lished, the six tones are always correct with
respect to one another. Tuning is further sim-
plified by the tone being a pure sine wave at
constant loudness level. And, of course, the
best acoustic measuring instrument avail-
able is used: the human ear. This has the addi-
tional advantage that the tuner's ear becomes
trained in distinguishing between different
tones: prachee makes perfect.

Methods of tuning
Instruments may be tuned to the 'natural
scale' (wh ich is deducible by physicallaws);
to mean-tone temperament (which gtves a

Fig. 1. General view of the electronic guitar tuner.

elose approximation to natural tuning): and
to equal temperament (in which musical
intervals are moved away from the natural
scale to fit them for practical performance).
In equal temperament tuning, each semi-
tone is made an equal interval. In other
words, the twelve tones in an octave are equi-

distant on a logarithmic frequency scale, that
is, each tone has a frequency that is 21/12

(~1.05946) times greater than the preeeding
one. The advantage of this is that the instru-
mentmay be played in virtually any key. The
disadvantage, however; is that the tones do
not sound 'natural', which is especially

Table 1
Harmonie
tuning
82.50 Hz
110.00 Hz
146.67 Hz
195.56 Hz
247.50 Hz
330.00 Hz

Equal temp.
tuning
82.41 Hz
110.00 Hz
146.83 Hz
196.00 Hz
246.94 Hz
329.63 Hz

4fE2 ~ 3fA2 ~ 330.00 Hz :. fE2
4fA2 ~ 3fDl ~ 440.00 Hz .'. fA2
4fDl ~ 3fGl ~ 586.67 Hz :. fDl
4fGl ~ 3fsl ~ 782.22 Hz .'. fGl
4fBl ~ 3f A2 ~ 990.00 Hz :. fsl
4fE2~ ~

*10 the United Kingdom, and most other English-speaking countnes outside North America, a tone means a "musical sound
consisting of a 'pure' note". In the USA, this is cal1ed a note. Similarly, "a single sound of given pitch and duration" is called a note
in the UK and a tone in the USA.
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Fig. 2. Relation between harmonie Irequeneies and the length 01string that is vibrating.

GUITAR TUNER

noticeable when eoneords are played.
In general, most guitarists prefer to tune

their Instrument to üageolet-notes. which
means harmunics. The name derives from
the supposed resemblanee of these thin-
sounding notes to those of the flageolet, an
obsolete ö-holed wind instrument.

The name 'harmonic' is an abbreviation
for 'harmonie tone", that is, one of the so-
ealled harmonie series. The lowest of sueh
tones, the 'fundamental', is ca lIed the 'first
harmontc'. the next lowest, the 'second har-
monic', and so on. However, 'playing on har-
monics' on a guitar really means 'harmonies
without the Hrsr'. since the fundamental is
the 'normal' sound.

lt is fairly simple to rnake the strings of a

~5V

IC3
74HC
4059

~ XC4~kIC4e~;:'C4f6 6 10 12.

IC4d

2 1 9 15 111 13

, A

NOUT ~,,,3'-I-"lB CLK

~ CLR

IC2
74HC
164

~
1M

~

~
1 2 C1S••

1121p

c~!!
l ""DJ"

C~~~

~OP =raop

3~~41
~

01 ... 096 = 1N4148
IC1 = TLC272
IC4 = 74HCU04

~

C=r
0

c:;o,(~'1...78.,1~..,:..,f.-0
-:Bt1
f

;;;;;
1001/
rsv

Fig. 3. Circult diagram 01the guitar tuner. Tuning frequeneies are determined by the diode matrix 01-081.
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guitar vibrate at the second, third and fourth
harmonic. This is done by setting the string
vibrate not as a whole length but in fractional
parts of its length. Ta obtain the second har-
monic, the string is vibrated Qver half its
length, for the third harmonic over a third of
its length, and so on (see Fig. 2).

On a correctly tuned guttar. equal har-
monie frequencies can be found on tWQ dif-
ferent strings. For instance, the fourth har-
monic of the lower E-string has the same fre-
queney as the third harrrionie of the A-string.
In technicaI tenns, 4fE2 = 3fA2- Relations
between harrrionies on other strings are
shown in Table 1; if these are as shown, the
guiter is tuned correctly. The frequencies are
based on the International Concert Pitch, A
= 440 Hz, whose secend lower harmonic is
A2 = 110 Hz. From this, theother frequencies
can be calculated. Note that the subscript or
exponent of the tone following the string
name indicates the number of octaves the
tone is above ar below MiddleC respectively.
The number 0 is traditionally onutted.

For completeness' sake, the table also
shows the frequencies when the guitar Is
tuned to equal temperament. The choice is
yours! Equal temperament is nonnally pre-
ferred far playing in a group, but for solo
playing most guitarists choose harrrionie
tuning because that gives a 'smoother'
sound. See also Table 2.

The tuner

The design of the tuner is far simpler than
the theory behind the tuning. lts circuit, see
diagram in Fig. 3, may be divided into four,
exduding the power supply: a crystal oscil-
la tor, IC4a; a presettable frequency divider,
TC3; a sine-wave shaper, IC2fl-ICla; and a six-
stage Re output filter.

The oscillator is (and must be) an
unbuffered inverter, end IC4a is therefore an
Heu type. If YOLIhave a frequency counter;
adjust C21 to give an oscillator frequency of
exactly 12 MHz; otherwise, just set the trim-
mer to the centre of its travel. The oscillator
is coupled to the clock (CLK) input of the
divider.

The divider has four groups of four BCD

(binary-coded decimal) Inputs, J1-J 16, with
each ofwhich one digitof the divisor,k, is set
(max. 9999). Group )1-)4 sets the W1itS; )5-)8
the tens; J9-J12 the hundreds; and J13-J16 the
thousands. The setring is accomplished with
the aid of a dlode matrix, Dl-D96 (not all of
which are required).

The presence or absence of diedes deter-
mines the divisor for each of the six tones
selected with 52. The presence of a diode
causes a legte 1, and the absence a logic 0, at
the relevant j-input of rC3. See also Table 2.

The output signal of the divider has a fre-

! !

! ! 0
! &--0
!

! !

~: re

Fig. 4. The printed-circuit board for the tuner is single-sided to allow Ihe diode matrix and the pull-up
reslstors to be mounted upright.

PARTS LIST

ICI = TLC272
IC2 = 74HC164
IC3 = 74HC164
IC4 = 74HCU04
IC5 = 78L05

C8, C12 = 2n2
C9 = 27 n
Cl0 = 2n7
C13=10n
C14 = 1 n
C15=12n
C16=ln2
C17 = 2~2, 10 V, axial
C18=27p
C19=22p
C20=100p
C21 = trimmer, 60 p
C22 = 100 ~F, 16 V, radial
C23 = 10 ~F, 10 V, axial

Resistors:
Rl, R8 = 220 k
R2, R7 = 68 k
R3, R6, R39, R45 = 47 k
R4, R5 = 39 k
R9,RI4=10k
R1D-RI3, R15 = 4k7
R16-R36 = 1 M
R37, R41, R43, R47 = 27 k
R38, R42, R44, R48 = 270 k
R40, R46 = 470 k
R49=100n

Miscellaneous:
S1 = single-pole switch
S2 = 2-pole, e-posläon rotary
switch for PCB mounting
X1 = 12 MHz quartz crystal
an = 9-V (PP3) battery and
associated clip.
Enclosure, preferably ASS,
190xl00><28 mm(approx.)
PCS Type 900020

Capacitors:
Cl,-C3, C24-C26 = 100 n
C4=200n
C5 = 47 n
C6 = 4n7
C7,Cl1 =22n

Semiconductors:
Dl-D96 = lN4148 (number
required depends on tuning -
see Table 2)
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quency that is 16 times higher than requtred.
Clocked by this signal, the sine-wave shaper
produces a pure sinusoidal signal at the right
frequency at the output, pin 1, of Tela.
Circuit TC2a is an eight-bit shift regtsrer

GUITAR TUNER I
that has been arranged to accept logic 15
when QHis low and legte OswhenQH is high.
Areset at switch-on, pravided by R18-C4, en-
sures that at the onset of operation always
eightOs are Input first to theQA-QH inputs of

Table 2

S2 posn. Tone Frequency Diodes 10 be used Divisor

(Equa1 temperament tuning)

1
2
3
4
5
6

82.41 Hz
110.00 Hz
146.83 Hz
196.00 Hz
246.94 Hz
329.63 Hz

1; 9; 13; 16
20; 21; 28; 30; 31
36; 41; 45; 47
49;50;51;54;60;61;62
65;66;67;69; 70;77; 78
81; 83; 85; 86; 87; 90; 94

(Harmonie tuning)

JE2
JA2

.fDI

!GI
.fßI

JE

1
2
3
4
5
6

82.50 Hz
110.00 Hz
146.70 Hz
195.60 Hz
247.50 Hz
330.00 Hz

5; 8; 13; 16
20; 21; 28; 30; 31
33; 34; 37;41;45;47
49; 51; 53; 54; 60; 61; 62
69;70;77; 78
81;82;85; 86; 87;90;94

9101
6818
5108
3827
3037
2275

9090
6818
5113
3835
3030
2273

Fig. 5. All diodes used and the pull-up resistors must be mounted upright between the board and a bridge
of stout circuit wire.

... •• "'""A D GE.E •

Fig. 6. Suggested front panel layout for the tuner.
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the divider and then etght 15.
The logic levels at the output of Ie2 are

translated into a resistance that, in. conjunc-
tion with R1S,determines the gain of IC1a.
The shape of the output of ICla is nearly

sinusoidal, mainly because of Cl in the feed-
back loop. Nevertheless, the 15th and 17th
harrrionies are still fairly strang but, since
these are, in frequency, a good way from the
fundamental, a simplesecond-order Re filter
is sufficient to suppress them. However, the
distance (in frequency) between the funda-
mental and these harmonics is not solarge
as to make one filter suffiee for all six tones:
each of the tones requires a separate filter.
The six filters are switched into circuit by

S2b. The waveform at the pole of this switch
is a good sine wave that has less than 0.04%
harrrionie distortion. Even so, the signal is
still buffered by lOb. The cut-off frequency
of the filters is about 60% of the frequency at
the -3 dB point.
The output of the tuner, whieh is proteer-

ed against short-circuits by R49, is suitable for
conneeting to a variety of amplifiers. Its level
depends to some degree on the frequeney
and lies between 450 mV and 600 rnV r.m.s.
Beeause of thisdependency on frequency, the
loudness nppears to remain more eonstant
than when the output level is kept eonstant.

Construction end setting up
The tuner is best built on the printed-circuit
board shown in Fig.4and then fitted ina suit-
able enclosure of about 190x100x28 mm.
Mount a11 pull-down resistors and the
required diedes (34 for equaJ temperament
turung and 33 for harmonic nuüng - see
Table 2) upright as shown in Fig. 5.
The divisors are obtained as briefly

explained earlier. For instance, the divisor; k,
for frequeney tC1 (equal ternperament tun-
ing) is obtained by plaeing diodes D49, 050
and 051 on to )1, )2, and J3 respeetively and
no diode tO}4 to give binary number 0111 =
decimal 7; diode 054 on tO)6 and 110 diodes
to }5,)7 and J8 to give binary number 0010 ::::
decimal2; diode 060 on to JI2 and no diodes
to }9, JIO and J11 to give binary number 1000
::::deeimal8; and diedes 061 and 062 onto J 13
and J14, and no diodes to )15 and J16 to give
btnary number 0011 ::::decimal3. The divisor
is thus 3827.
The divisor may be calculated from

k = 12x106/16f.lffrequencies differentfrom
those in this arttele are used, bear in mind
that the filters must be adapted accordingly.
The most practical power supply is a 9-V

(PP3) battery. The average operational cur-
rent drain is 12 mA. The battery will last a
lang time as shown by the prototype still
workingsatisfactorily when the battery volt-
age had dropped to 4 V. •
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guitar vibrate at the second, third and fourth
harmonie. This is done by setting the string
vibrate not as a wh ole length but in fraetional
parts of its length. To obtain the second har-
monic, the string is vibrated over half its
length, for the third harmonie over a third of
its length, and so on (see Fig. 2).
On a eorreetly tuned guitar, equal har-

monie frequencies ean be found on two dif-
ferent strings. For instanee, the fourth har-
monie of the lower E-string has the same fre-
queney as the third harmonie of the A-string.
In teehnieal terrns, 4fE2 = 3fA2' Relations
between harmonies on other strings are
shown in Table 1; if these are as shown, the
guitar is tuned eorreetly. The frequencies are
based on the International Coneert Piteh, A
= 440 Hz, whose second lower harmonie is
A2 = 110Hz. From this, the other frequeneies
ean be ealculated. Note that the subseript or
exponent of the tone following the string
name indicates the number of oetaves the
tone is above or below Middle C respeetively.
The number 0 is traditionally omitted.
For eompleteness' sake, the table also

shows the frequencies when the guitar is
tuned to equal temperament. The ehoice is
yours! Equal temperament is normally pre-
ferred for playing in a group, but for solo
playing most guitarists ehoose harmonie
tuning beeause that gives a 'smoother'
sound. See also Table 2.

The tuner
The design of the tuner is far simpler than
the theory behind the tuning. its circuit, see
diagram in Fig. 3, may be divided into four,
exduding the power supply: a erystal oseil-
lator, IC4a; a presettable frequeney divider,
IC3;a sine-wave shaper, IC2a-ICla; and a six-
stage Re output filter.
The oseillator is (and must be) an

unbuffered inverter, and IC4a is therefore an
HCU type. If you have a frequeney counter,
adjust C21 to give an oseillator frequeney of
exaetly 12MHz; otherwise, just set the trim-
mer to the eentre of its travel. The oseillator
is eoupled to the dock (CLK) input of the
divider.
The divider has four groups of four BCD

(binary-eoded decimal) inputs, J1-J16, with
eaeh of which one digit of the divisor, k, is set
(max. 9999). Group J1-J4 sets the units; JS-J8
the tens; J9-J12the hundreds; and J13-J16the
thousands. The setting is aecomplished with
the aid of a diode matrix, D1-D96 (not all of
whieh are required).
The presenee or absence of diodes deter-

mines the divisor for eaeh of the six tones
seleeted with S2. The presenee of a diode
eauses a logie 1, and the absence a logie 0, at
the relevant J-input of IC3. See also Table 2.
The output signal of the divider has a fre-

11 11

11 11

11 &---0
11
11 11

Fig. 4. The printed-circuit board tor the tuner is single-sided to allow the diode matrix and the pull-up
resistors to be mounted upright.

,
PARTS LIST

IC1 = TLC272
IC2 = 74HC164
IC3 = 74HC164
IC4 = 74HCU04
IC5 = 78L05

C8, C12 = 2n2
C9 = 27 n
C10 = 2n7
C13=10n
C14 = 1 n
C15=12n
C16=1n2
C17 = 2~2, 10 V, axial
C18 = 27 P
C19=22p
C20 = 100 P
C21 = trimmer, 60 p
C22 = 100 ~F,16 V, radial
C23 = 10 ~F,10 V, axial

Resistors:
A1, A8 = 220 k
A2, A7 = 68 k
A3, A6, A39, A45 = 47 k
A4, A5 = 39 k
A9,A14=10k
A10-A13, A15 = 4k7
A16-A36 = 1M
A37, A41, A43, A47 = 27 k
A38, A42, A44, A48 = 270 k
A40, A46 = 470 k
A49 = 100 Q

Miscellaneous:
S1 = single-pole switch
S2 = 2-pole, 6-position rotary
switch tor PCB mounting
X1 = 12 MHz quartz crystal
Bt1 = 9-V (PP3) battery and
associated clip.
Enclosure, preferably ABS,
190x100x28 mm(approx.)
PCB Type 900020

Capacitors:
C1,-C3, C24-C26 = 100 n
C4 = 200 n
C5 = 47 n
C6 = 4n7
C7,C11 =22n

Semiconductors:
01-096 = 1N4148 (number
required depends on tuning -
see Table 2)
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Logological space

Though a bitter disappointrnent, the failure
of the quest was not yet an irreversible
defeat. A rernote chance lingered that the
magie combination lay yet undetected just
outside the range of number-words exam-
ined. More promisingly, alternative transla-
tions remained ro be explored. At the top of
the list was "this pangram comprises ...", a
rendering of the Dutch bevor on a par with
"contains", This would only entail a new set
of initial text constants.
The prospect of a further month in purga-

tory, however, was anything bur inviting.
Yet, much had happened during the long
weeks of waiting. In the range-limiring
stratagem used to shorten the previous run
had lain the seed of a powerful new devel-
opment. Many hours' thought had been given
to this, and already detailed preparations
were in hand far a Mark U version of the
machine incorporating extensive modifica-
tions.
Consider the number-words in the range

for y: three.four.five: the letter y itself occurs
in none of them. PULdifferently, whichever
of y's PROFILES may be activated, the actual
number of y's can never be affected; in this
sense, y is an independent variable. Great
advantagecan be taken ofthis by adding new
circuitry wh ich measures the number of y's
present in the currently activated combina-
tion and uses the resulttoswitch in the appro-
priate y-PROFfLE. In short, the y-counter can
be replaeed by an automaue number-word
selector. And discarding the y-counter from
the caseade will mean dividing the running
time by three (see Fig. 5).
The real power of this refinement

emerges on seeing that the same trick ean be
worked for any letter not appearing in the
number-words making up its own range. G
and / are two such; provided six is dropped
from its range, so is x. This then was the
scheme to be realized in the blueprint for the
new Mark Il rnachine. With the g,/,x,ycoun-
ters removed from the caseade, running time
falls to only
(8x6x I x6x7x I x7x6x6x7x7x6x6x7x I x 1)/ I O'
seconds or one hundred and Jive minutes:
The perspective opened up by this dramatic
improvement carried further implieations in
its wake.
With the ability to explore so quickly,

means would be required for loading of dif-
ferent initial texr constants. Though electri-

cally trivial, a flexible resisrance-selection
method was difficult to implement in the
machine as it srood. The final (and not alio-
gether satisfactory) system chosen uses a set
of four tiny switches for each channeJ. The
latter works in binary fashion, so that a con-
stant or "weight" of anything from 0 through
15 letters can be introduced. Incorporating
this bank of 16x4 PRESET LETTER WEIGHTS

switches on the front panel (see photo below)
involved some major surgery to the mactune.
Another benefit of ultra-fast logological

space travel is Ihe chance 10prospect further
afield, that is, to expand ranges. Even if all
twelve remaining counters are allocated a
range length of 8 (the maximum available in
this machine), running time comes out 10
only 8"/1 0" seconds = 19.08 hours. In two
cases, land y, the ranges of auto-selected let-
rers may themselves be increased, an expan-
sion that has its uses with inirital texts con-
taining /'s and y's; for insiance, "This pan-
gram employs ...". The g in eigtn. andx in six
make further extension impossible for g and
.r. in reality, impatience to get on dissuaded
me from expanding range lengths untillater
so that running time was kept below rwo
hours during initial explorarions.
Besides serious mechanical alterarions,

the modifications sketched above called for
a further prinred-circuit eard carrying twen-
ty-four new integrated circuits, the same
number of transistors, and a few dozen asso-

eiated components. The increased electrical
drain meant in turn an extra d.c. power sup-
ply. Space was cramped, and rhe rise in inter-
nal heat dissipation threatened to upset the
remperature-sensitive differential ampli-
fiers. Notwithstanding these demands and
difficulties, within a 1110nththe new souped-
up Pangram Machine Mark 11siood poised
for its maiden flight.
Following a last-minnte test with the

modified initial text constants, now easy to
enter via the front-panel switches, I started
offwith arecheck of''This pangram contains
..", Wirh running time down to under two
hours, one could afford 10 be thorough. This
time there was no wine, no ceremony, no
Velasquez and, as anticipated, 110 result,
In the mean time I'd worked out the initial

rext constants for "This pangram comprises
...", and as soon as the first run was over, f
loaded these and set the machine searching
again. Two hours later, the counter LEDS

showed that the second run had been com-
pleted, and 1was confronting another disap-
pointment. That truly was a tragedy: it meant
that no really perfect translation of the Dutch
pangram existed. It seerned to me an unwar-
ranted injustiee: and, brushing aside a tear, I
marked it down as another of the things I
me an to ask God about on J udgement Day.
Even so, many excellent alternative ren-

derings rernained to be tried. Thesemight not
qualify as literal translations of bevat, but

Two printed-circuit cards behind the right-hand front panel carry the sixteen BALANcE-detectors.The cir-
cular metal cans are differential amplifiers, below which a !ine of eight integrated circults form the ZERO?
detectors. On the panel itself are the initial text-constant resistors selected by means of the PRESETLEnER
WEIGHTS switches.
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IIN QUEST OF A PANGRAM (3)

Bank of window-detectors
automaticallyactivates

...----- correct PROFILE

PROFILEs dlsconnecte\
from Y counter and
reconnected to
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/ - Five?-
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LI. LI. f-
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supply

Initial
test
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true number of Y's
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0--, , AND-
gateSumPROFILE
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from Y-cou nter
and held at zero

o volts

--j Zero? ~_.

No longer
used

y ----

\
True number of Y's in
current combination

~
Y PROFILEs Input set to

logical 1

Fig. 5. Exampleof automatic number-word seleetion applled 10Ihe letter y. A vollage proportional 10the number of ys oeeurring in Ihe presenl eombinalion
is elassified by a bank of Ihree window-deleelors, one of whose outputs will aelivate Ihe appropriale PROFILE.

would at least preserve the spirit of the orig-
inal. "This pangram comprises _.." was rhere-
fore followed in quick succession by "This
pangram consists 01', "is composed of",
"uses", "employs", and "11Os".Everyone of
them without success!
By now Iwas beginning to wonder just

how long this might go on. Given a random
introductory text of, say, rwenty-five letters,
what is the probability that an associated
self-enurnerating list exists? Shorr of exam-
ining all possible twenty-five letter strings
one at a time, Isaw no way of answering the
question. One in a hundred? One in a mil-
lion? As ir happens, the answer rums out 10

be something closer to one in ten.
On the second day of exploration I was

siuing in front of the machine during its
eighth run when suddenly the EUREKA!-Iamp
came on and my stomach turned a sorner-
sault. Rigid with excitement, I carefully
deeoded the LED displays into the set of num-
ber-words represented. A painstaking check
eompletely verified the following perfeet
pangram:

.r's, nineteen re, four e's, five v's, nine w's, rwo .r's,
four y's, and one z,

I leave it to my readers to imagine the
scenes of wi Id intemperance follawing upon
this vicrory, Despite a hangover, next rnorn-
ing copies of the pangram were happily
handed out among friends and colleagues
who had patiently borne with me through the
long months of pangrammania. Notable, if
unsurprising, was that nobody feit disposed
ro examine the sentence for a discrepancy.
Not unnaturally, I came in for a few kind
words of congratulation, and some even
looked at me with an unspoken: "How does

This pangram lists four a's, one b, one c, (wo d's.
rwenty-nine e's, eightjs, three g's, five h's, eleven
t's. onej, one k, three l's. two»t's, twenty-two I1'S,
fifteen 0'5, two p's, one q, seven 1"5, twenty-six
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GENERAL INTEREST

ir feel to climb Everest?" Oll their lips. Like
a dishrag, acrually; 1 still hadn't recovered
from the previous evening's celebrations.
The zenith of glory was yet to corne,

Rerurning horne at lunch-time, I found a
magnificenr rrophy awaiting. I had set the
machine running once more, early in the
moming, and it had hai ted again ur a new
solution. Changing "and" to "&" in the nat-
ural English rendering of Rudy Kousbroek's
pan gram, a last desperate bid for a perfect
magie translation had finally met with suc-
cess. The Quest for the Pangrarn had ended
in triumph!

This pangram contains four c's. one h, IWQ c's,
olle d, thirty e's, sixj's, five g's, seven Hs, eleven
i's, ünej, one k, IwO 1'5, two m's, eighteen u's. fif-
teen o's, !WO p'S, one q, five ,,'5, rwenty-seven s's,

eighteen rs, rwo II'S, seven v's. eight \\,'s, two .r's,
three y's. & one z,

More and more pangrams
Looking back on it, I suppose the failure of
the Mark I machine 10 find the pan gram was
a piece of good tortune. I mean, otherwise,
the fast and f1exibile research instrumein
realized in the Mark ll rnodel may never have
come into being. As it was, I could now
experiment at will, initially confined only 1'0

the speerrum of possibilities defined by the
given set of number-word ranges. This was
an irnportant limitation, since pangram-ori-
ented ranges are unlikely to prove fertile in
canvassing for autograms in generat. In a
self-enumerating pangram, the non-critical
letters G, b, C, d,j, k, m, p, q, and: are likely
to be prefixed by the words one or (WO; the
frequency of o's, n's, e's, r's, and w's is thereby
significantly slanted. Save in special cases,
non-pan grams would give rise 10 distribu-
tions Iying outside the scope of the machine.
The exploration I now embarked upon

was a source of great fun and interest. A
thoughtful Platonist can only wonder at
sorne of the eternal Truths that God has seen
fit 10 leave scattered about in the regions tra-
versed by rhe rnachine. An early find was a
sornewhar wry specirnen I couldn'r resist
sending off to Rudy Kousbroek. J suppose it
mjght be described as a dead-pan-gram.

This pungram boasts four a's, [WO b's. one c. two
crs, twenty-eight e's, sevenfs, three g's, five h's,
nine i's, one), olle k. one I. two /1/'S, twellty fl'S,
fifteen o's, two p's, one q. live ,.'s. twenty-seven
s's, twenty-one (s. lhree /('s. six \,'S, ten l1"s.two
x's, five y's, and one z.

Doubtless he will find little difficlilty in pro-
ducing a magie Dutch translation of this sen-
tence, Another example which seemed
worth drawing to his attention was:

This pangram containeth five e's, olleb, two ('S,
twod's. twenty-five e's, sevenfs. IwO g's, four tte.
ten Fe. one), olle k,OlleI. two m's, twenty u's. six-
teen c's, two p'e. Olleq, five rs: twenty-six r's.
twenty-one r's, three 1/'5, six v's, ten \1"S, four .r's,
five y's, and one r.

I don't know whether he believed my tale of
it having turned up among the marginalia in
a folio edition ofMocbeth. Probably not. The
Dutch have never entirely succeeded in shak-
ing off the legacy of German Scepticisrn.
If the above squibs suggest frivolity, it

must be put down to rhe sudden release of
tension aftermonths of unreleming effort. To
have sought so long and hard for a single
jewel only ro end up with a (potential)
embarrassment of riches was an unhinging
experience. Für a while I reconnoitred with-
out any clear plan, Among oiher diversions,
senten ces incorporating names of friends
provided entertainment. It was inreresting to
find how readily some of these lent them-
sclves ro irnrnortaliry:

This pangram Ior DougHofstadter'" cornuins live
(I'S, one b, rwo cs, three cfs. twcmy-seven e's,
sevenjs. three g's. six Hs, ten i's, onej, one k, Olle
I. two III'S, twemy I/'S. sixteen 0'5. rwo p's. Olleq.
nine rs, thirty r's, twenty (s. foul'II'S. six r's, seven
w's. foul' .r's. five v's. & one r.

In this way. many pan grams were unearrhed,
and the data derived from them shed new
light on the relation between inirial text val-
lies and the ranges in which solutions could
be expecred. This information could be
plugged back into the machine through alter-
ing ranges so as to maximize the probability
of future success with certain texts. After a
time, the faciliry achieved in prospecting for
nuggets prompted an ambitious new
research prograrnme.

The immortal lie

This senrence doesn't conrain two a's,
three r's, two d's, twenty-six e's, six .fs,
three g's, seven h's, eight i's, fifteen n's,
ten o's, seven r's, twenty-eight s's, twenry-
olle ('S, four II'S, four v's, seven W'g. three
x's, four y's & two &'s.

A shortcoming of logology. I find, is its
absence of underlying structure. Like math-
ematics. it manifests itself in precisely de-
fined chains 01' atomic symbols. yet lacks the
intrinsic pauerning, the symmetry of [he for-

* American physicist, born 1945, Well-known for
his many writings, among whieh Gödel, Escher,
Bach: an Etemal Golden Braid, whieh won the
1980 Pulitzer Prize for general non-fietion, [Ed]

mer. Anyone with a feefing for mathernarical
form will probably regret this deficit, too.
Autograms. however, ernbody a peculiar
fusion of both fields, an improbable mar-
riage of arbitrary convention with arithmeri-
cal necessity, The unexpected possibilities
they point to re-echo mathemarical affinities.
In particular. arnong other high-erder enti-
ries now appearing over the horizon of rhis
sirange realm are the counterparts of Ilumer-
ical series. The most obvious of these now
became the focus of machine investigation:

This first pangram has live c's. olleb, one c, rwo
d's, rweruy-nine e's. six fs, four g's, eight fI's,
rwelve te.Olle), olle k, three I's, two /1/'S,nineteen
n's. twelve o's, !WO p's, one q, eight r's, twenty-
six .s's. twenty (5. three I/S. five v's, nine w's, three
.c's. four y's. und one r.

This secono pallgram totals five s's, Olle b, two
("5, threeds. twenty-nine e's, sixfs, foul'g's, seven
fI's. ten i's. one j. one k, two f's, two »i's, twenry-
one I/'S, sixteen c's, two p's, one q. eight r's. twen-
ty-eight .s's, twenty-three ('S, foul'II'S, four 1,'5. nine
u-s, threc .v's, five v's. and cne r.

This third pangram conteins five (I'S, Olle b, two
("5. three ds. twenty-six e's. six.fs, two e's. four
tvs; ren i's. olle). one k, [WO f's, two m's. twemy-
two II'S. seventeen o's. two p's, Olleq, seven r's.
rwenty-nine s's, twenty-one r's, four II'S, six v's,
eleven II"S, foul' .r's, five y's, and one r.

Prolongation of the series. wriuen out in
full, wauld be too space-consuming. Fig-
ure 6 presents an abbreviated recard of the
first twenty-fi ve rerrns, with figures standing
for number-words. Note the use of a distinct
verb in each case. This is not always neces-
sitated, since tbe same ward cornbined with
different ordinals mayaiso generate solu-
tions. The employment of a different verb
each time seerned 10me demanded on esthet-
ic grounds.
The uncovering of this series is, in my

opinion. among the most felicitous results of
the machine. Though a mere matter of
patient search, hundreds of running hours
were involved. Lnone case, more than fony
verbs were tried before locating a solution.
On the average, lhough, winning combina-
tions can be found for one in eight initial
texts. This figure is empirically derived, of
course. 11 seems to me worth pondering that
(to my knowledge) naexislent mathematical
rechnique is able to assign evena rough value
to the probability of detecling a solution.
Conceivably, anificiallanguages or, at least,
artificially constructed number-word sys-
tems might be of use in gaining further
insight illto this,
The list published here is not as lang as I

could have made it. Eventually, T hope, one
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IN QUEST OF A PANGRAM (31 I
Representation of 25 Pangrams

This Nth

pangram ------- A Be o E F G H I J KLMNOPQ R 5 T U VWX Y Z

1st has 5 1 1 2 29 6 4 8 12 1 1 3 2 1912 2 1 8 26 20 3 5 9 3 4 1

2nd totals 5 1 2 3 29 6 4 7 10 1 1 2 2 21 16 2 1 8 28 23 4 4 9 3 5 1

3rd contams 5 1 2 3 26 6 2 4 10 1 1 2 2 22 17 2 1 7 29 21 4 6 11 4 5 1

4th numbers 4 2 1 2 29 7 2 610 1 1 1 3 23 14 2 1 9 26 20 5 5 9 3 5 1

5th embraces 5 2 2 2 29 7 3 8 10 1 1 1 3 20 13 2 1 9 26 24 3 4 10 2 5 1

61h harbours 5 2 1 2 28 7 4 7 10 1 1 1 2 21 15 2 1 7 28 20 4 6 9 3 5 1

7th counts 4 1 2 2 30 5 3 7 9 1 1 1 2 23 16 2 1 7 28 21 4 7 9 2 5 1

8th talfies 5 1 1 2 30 5 3 7 10 1 1 3 2 20 14 2 1 6 27 21 2 7 9 2 5 1

9th explcits 4 1 1 2 28 7 4 8 13 1 1 2 2 22 16 3 1 9 26 23 5 4 9 4 5 1

10th features 5 1 1 2 28 8 5 6 12 1 1 2 2 18 14 2 1 6 27 20 5 6 9 4 4 1

11th utitizes 4 1 1 2 31 7 4 7 11 1 1 4 2 20 15 2 1 8 29 18 6 6 7 3 4 2

12th lables 5 2 1 2 26 6 2 6 11 1 1 4 2 17 13 2 1 7 30 20 3 6 9 5 4 1

13th includes 4 1 2 3 29 8 4 8 12 1 1 3 2 20 14 2 1 9 25 24 6 5 10 2 5 1

14th recruits 4 1 2 2 28 8 4 7 10 1 1 1 2 20 15 2 1 10 26 24 6 3 9 3 5 1

15th uses 4 1 1 2 30 7 2 5 9 1 1 1 2 22 16 2 1 5 27 21 3 7 10 2 5 1

16th subsumes 4 2 1 2 30 7 4 8 10 1 1 1 3 21 15 2 1 8 29 21 6 4 7 3 5 ;

17th tabulates 6 2 1 2 28 7 3 5 10 1 1 2 2 20 14 2 1 6 29 24 5 6 10 4 5 1

18th manifests 5 1 1 2 35 8 5 1013 1 1 1 3 21 14 2 1 8 2624 3 7 7 2 5 1

19th assembles 5 2 1 2 35 6 5 10 12 1 1 4 3 18 12 2 1 8 2823 3 7 9 2 4 1

20th summons 4 1 1 2 29 7 3 511 1 1 2 4 22 16 2 1 6 2821 5 6 10 4 5 1

21st shows 4 1 1 2 29 6 3 611 1 1 3 2 22 16 2 1 8 2921 4 4 11 5 6 1

22nd displays 5 1 2 4 33 5 3 9 12 1 1 3 2 21 13 3 1 9 2825 2 6 10 2 7 1

23rd produces 4 1 2 4 26 6 2 4 10 1 1 2 2 22 17 3 1 9 29 21 6 4 11 5 6 1

24th evmces 4 1 2 2 26 6 2 4 9 1 1 2 2 21 17 2 1 7 3020 5 7 11 4 6 1

25th discloses 4 1 2 3 32 7 3 9 11 1 1 3 2 20 14 2 1 9 28 25 3 5 10 2 6 1

Fig. 6. A representation of 25pangrams.ln the actual pangrams, the numbers in the first column would be replaced by "Iirst", "second", ...,"twenty-fifth". The
numbers in the main body of the table would also be replaced by number-words. The fourth word of each pangram is shown in the second column.

hundred will be reached. In the rnean time,
I can't help wondering how the discovery
will strike others. Who could have foreseen
such a possibility? Once upon a time it had
seemed daring 10 believe a single gem might
exist, The finding of a (potentially infinite)
clusrerof matehing stones by farexceeds my
greediest imaginings.

As I went along, 1made upsomenew plug-
in matrix eards that use different resisror sets
so as 10 cast a wider ner, able to embrace cer-
tain kinds of non-pan gram autogram:

This autogram comains two s's, two c's. two ds.
twenty-eight e's, fiveJs, three e's. eight tis. eleven
"s.rhree ts. two »t's, thirteen 11'5.nine 0'5. I\VOp's,
five ,-'5, twenty-five r's. twenty-three ,'5, six r's.
ten w's, two .r's, live y's. and one c.

The apparent eleganceofthese can some-
rimes be deceptive; eloser scrutiny may
reveal imperfections. For instance, oughtn't
"one z" to be regarded as a redundant eur-
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lieue? üs inclusion is cJearly a gratuitous
addition to the preceding text. Romanries
may gaze indulgent!y at such ornament, but
purisrs will point out that irs real function is
to contribute an extra 0, H, and e merely in
order 10 make the sentence work. Appending
number-words is jusr a cunning way of dis-
guising text-doctoring, Perhaps those with a
sneaking affection for the solitary ; will find
consolation in:

This sentence contains three «'s, three ("5. two (/'5.
twemy-six e's. fivej's. threc g's, eight 11'5. thirteen
ts. two I's. sixteen 1/'5, nine c's, six r's. twenty-
seven s's, twenty-two ,'s, IWO 11'5, five r's.eight
w's. four .c's, five v's, und only one r.

Here, the inclusion ofi'only" legitirnizes the
addition of "one r" by "proving" it was pre-
meditated. Even so, the choice of letter
remains arbitrary: a q would have done just
as weil. Classicists, however, will reject all
q's (whether straight or curly) and rightly

insist cn the crisp parsimony of:

This sentence employs two c's. two c's. two ds,
twenty-six e's. fourfs. [WO g's. seven h's. nine i's.
three 1'5. IWO11I'5.thirteen /I'S, ten o's. two p's, six
r's.lwenly-eighl ss; twenty-three rs. two u's. five
1,'5. elcven w's. rhree .r's. and five -,,'5.

It is odd to ref1ect rhat the existence of this
minimal form seems to vitiure the objection
raised against the first version; "one z" may
be redundant bUI it couln't have been thrown
in JUS! 10 make the sentence work! Subtleties
ofthis kind should be kept in mind when try-
ing to assess the relative merits of different
specimens. •

The final part ofthis artide, reproduced by
kind permission of Springer-Verlag, Hei-
delberg and New York, will appear in the
November issue of Elektor Electronius.
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SPEEDCONTROL FOR 3-PHASE MOTORS

by F. P. Zantis

Three-phase motors, particularly asynchronous types, are very
reliable and consequently popular prime movers. A drawback of
these engines is, however, their fixed speed of rotation which
depends on the frequency of the applied voltage. This article
describes means of varying that frequency and thus controlling

the speed of the motor over a wide range.

Until not so lang ago, the only way of vary-
ing the frequency of the voltage driving a
three-phase motor was the use of a rorary
converter . However, the advent of power
semiconductors has rnade possible the de-
velopment of static frequency changers rhat
converl an alternating voltage of a given fre-
quency into one of a different frequency.
These devices mayaiso change the nurnber
of phases, for instance. single-phase currern
inro three-phase current.
Apart from their application with prime

movers, such frequency changers are also

L1 -t--- e.g.
_+_.-240VI

N 50Hz

Fig. 1.Schematic representation 01how a3-phase
motor may be operated Irom a single-phase sup-
ply under the control 01a Irequency changer.

very useful in standby and emergency power
supplies and in the control circuit of oscil-
lators.ln theseapplications, the widely vary-
ing direct outpur voltage of a battery is con-
verted ro an alrernating voltage of steady
level and frequency.
A frequency changerto control the speed

of a three-phase motor must have an outpur
voltage whose level and frequency are both
variable. A proportional change in the level
and frequency of the voltage applied to the
mOLOr enables the speed of rotation of the
motor to be varied at constant moment as is
shown schematically in Fig. I.
Speed control offers rnany advantages,

such as a saving in energy, reduced rnainte-
nance costs, and optirnalization or greater
flexibility of operation.

Frequency changers
All frequency changers work on the same
principle: the drive voltage (normally 240 V
or415 V,50 Hz mains) is rectified, smoothed
(filtered) and applied ro the motor via an in-
verrer (:::: dc-to-ac converter) as shown
schematically in Fig. 2.
The consrruction of the various sections

depends on the type of frequeney chan ger.
For instance, the power section af a small

frequency changer is shawn (greatly simpl i-
fied) in Fig.3.
The rectifier is normally a conventional

bridge type. The vohage saurce is loaded by
rhc required current anly, independent of the
motor rating. That results in a good power
factor which is virtually canstant (typically,
cos <I> = 0.97) aver the entire load and speed
ranges.
The smoothing circuit is normally an

LC low-pass filrer, whose inductance pra-
teets the mains against transients. The large
values of capacitance required with high
loads are obtained by series and parallel COIl-
necrion of a number of high-voltage elec-
trolyric capacitors as shown in Fig. 4.
Matched resistors ensure COJTectdivision of
the voltage.
The inverter consists of three pairs of

transistors that are arranged in a star config-
uration. The three motor phases are COIl-

nected cyclically at 1200 intervals 10, respec-
tively, the positive and negative terminal of
the smoothing filter, wh ich results in a 1"0-

tating field being induced in rhe motor. Ap-
propriatc contral of the inverter enables the
srnoorh, precise control of the outpur fre-
quency. In general, three-phase motors rnay
be operated at up to twice their rated speed.
This means that, for example, a four-pole

~---------------I
I rectifier filter converler I
I

=
I

e.g. I
240V/ I
50Hz I

I
I
I

control circuit

_______________ 1890073.12
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1
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1
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ffHO!r converler

Fig. 2. Block diagram 01abasie Irequency changer. Fig. 3. Basic circuit 01the power section 01a small Irequency changer.
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three-phase motor may be operated at up to
3000 rev/min. Such control can nOI, how-
ever, be achieved by varying only the fre-
quency.

To obtain a constanr rnomenr, the mag-
neric flux in the stator of the motor must be
related 10 the set frequency. To that end, the
motor voltage rnust be increased or reduced,
as the case may be, in direct proportion to
the frequency. When the frequency is higher
than the rated frequency of rhe motor
(50 Hz), the voltage can not rise, since the
frequency chan ger can not generate a poten-
tial that is higher than the applied voltage.

+ +

890073·14

Fig. 4. The filter capacitance may consist of series
and parallel arrangements of small capacitors.

t

SPEED CONTROL FOR THREE·PHASE MOTORS

This resulrs in a reduction of the rnagneric
tlux and thus of the rnornent. Operation
above the rated frequency is thus not possi-
ble at the rated rnornent.
The basic relation between supply fre-

quency,fs. the ratio of actual motor speed to
ra ted moior speed. ntn.. and the ratio of the
actual rnoror volrage to the rated motor volt-
age, U/Ur> is given by the characteristic in
Fig. 5, while the relation between n/l1r and
the ratio ofthe actual moment and rated mo-
ment, MIM" is shown in Fig. 6.
The power section of the inverter is pre-

ceded by a control stage which, among oth-
ers, contains the electronics for the
generaticn of the variable-frequency rotat-
ing field. Two basic circuits for the genera-
tion of this field are shown in Fig. 7: both
are digital phase advancers.

Figure 7a provides a presettable fre-
quency to control a ring counter. The ourputs
of this counter are connected to a binary-
coded-decimal (BCD) decoder. The signals
that are shifted by 1200 with respect to one
another, and which are required for driving
the power serniconducrors, appear at the out-
pur of the three bistables.

The circuit in Fig. 7b is rarher simpler in
that it does not include a BCDdecoder. The

u,

AND gate obviates any unacceptable state,
but has no other effect on the operation of
the phase advancer.

For a rotaring field frequency of 50 Hz,
the clock of both designs must be 300 Hz.

Some serniconducror manufacturers pro-
vide special ICs for the generation ofthe ro-
tating field. but in state-of-the-art frequency
changers micropracessors are used for this
purpose.

As al ready stated, the output voltage
must rise in direct proportion to the fre-
quency. There area numberofways in which
the outpur voltage may be varied: the two
most important of these, pulse-amplirude
modulation-PAM-and pulse-duration
modulation-POM-will be described
below.

Pulse-amplitude modulation
In the PAMmethod of varying the outpur volt-
age, a chopper (electronic switch), follow-
ing the smoothing filter, opens and closes at
a rate dererrnined by the control stage (see
Fig. 8). This results in a variable direct volt-
age that is in direct proportion to the duty
factor of the contro I signal.

The level of the voltage can be adjusted

_. __ ._~.---------- M/Mri '+- ~ Mr(load =const.)

I,," kequency Is --+
10 20 JO " so 60 70 80 sn 100 [Hz]

0.2 0.' 0.' 0.' 1.0 12 1.. 1., 1.' 2.0

n speed n --+,
8911071· 15

0.5

0.2. 0.4 0.6 0.8 1.0 1.2. 1.4 1.6 1.8 2.0

nln --+,
890073 ·16

Fig. 6. Moment characteristic.Fig. 5. Characteristic curve o!the motorvoltage vs rotational speed vs source
frequency.
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Fig. 7. Two possible designs for use with three-phass generators: both generate three signals, the phase of each of which is shifted 1200 with respect to the
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in proportion to the frequency in a
manner which ensures that the ratio
of output voltage to outpur fre-
quency remains consrani. Für a
400 V moror, this rario rnust be
400 V:50 Hz = 8 V per Hz.
In rhe type offrequency changer

described here, the outpur voltage is
built up from six pulses per period
(see Fig. 9). Timt voltage is not si-
nusoidal: ir contains, apart front the
fundamental frequency componenr.
a number of harmonics ofwhich the
5th, 7th, 11th and 13th are the mosr
irnportanr. These harrrionies cause
the motor to produce spurious mo-
menrs and result in additional Jasses
in energy.

Because of the inducrance of the
sraror, the current through the rnoror
is rather more sinusoidal than the
voltage. The waveform becomes
better when the voltage is built up
from a larger nurnber 01' pulses per
period. For instance, when there are
18pulses per period, the output volt-
age and currenr are shaped as shown
in Figure 10.The amplitude of the
harrnonics is then much smaller so
that the motor runs rather more
smoothly.
The PAM frequency changer may

also be designed with a controlled
rectifier instead of a chopper as
shown in Fig, I I.The amplitude 01'

the voltage across rhe smoothing fil-
ter can then be varied by conrrolling
the phase angle. The main drawback
01' this merhod is the feedback on to
the source (mains), which manifests
itself in a poor power factor and rel-
atively high-Ievel harmonics. These
harrnonics rnust be filtered out, oth-
erwise the user might run into rrou-
ble with the relevant electricity sup-
plyauthority.

conlrol circuit
L... ..J 890073-18

Pulse-duration
modulation

Fig, B. Frequeney changer using pulse-amplltude modulation.

Frequency changers using pulse-du-
ration modulation bave no chopper
01' controlled rectifier, so that the
voltage across the smoothing filter
assumes a fairly consranr value that
is dependenr only on the supply volt-
age and the load.
The level and shape 01' the ourput

voltage are determined solely by the
width of the outpur pulses of the in-
verter.
The basis of this type of modula-

tion is a comparison berween a trian-
gularand a sinusoidal signal, The fre-
quency of the triangular signal is
much higher than that of the sine
wave (see Fig. (2). The resulting
pulse train is the conrrol instrumenr.
As before. because ofthe integral-

ing action of the staior inductance.

!
!

t I
2i3i4 5i6 1 2

!
I
i

5 i 6 I 1 i
890073 - 19a

. .
! ! I, , i..e s..... I
t I "bi i I
j i I
I 2 3 i 4 i 5

Fig, 9, Output voltage of a PAM frequeney changer built up from 6pulses
per period: (a) at maximum souree voltage and frequeney and (b) at
half the maximum souree voltage and frequeney.

t
1 2 3 4 5 6 1 2 3 4 5;6;1

890073 -22a 890013 -21

Fig. 10, Output volta ge of a PAM frequeney changer built up from 1Bpulses per period (a) and eorresponding
eurrent (b).
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Fig, 11,The PAM frequeney changer with eontrolled reetifier. Fig, t 2,Output vollage of a POM frequeney changer: (a) maximum souree volt-
age and frequeney; (b) half the maximum souree voltage and frequeney,
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the currem is sinusoidal for a11practical pur-
poses.
The design of the control circuitry is

much simplified by the availability of spe-
cial ICs thar contain the comparator. sine
wave generator and triangular-wave gener-
ator, Again, the design mayaiso be based on
the use of rnicroprocessors.
The frequency of the sinusoidal voltage

determines the outpur frequency of the fre-
quency changer and thus the speed of the
motor. When the frequency of the triangular
signal is constant, pulses are generated that
depend on the outpur frequeney. At low out-
pur frequencies, the number of pulses per
period is relatively high, which results in a
near-sinusoidal current through rhe motor.
When the output frequency is high. the
waveform of the eurrent deteriorates.
High-voltage switching transistors may

be used in the power secnon of inverters as
long as rhe outpur power does not exceed 50
kVA. Modules are available from some
manufacturers that contain all six transistors
required for a three-phase bridge circuit.

When the output power exceeds 50 kVA,
thyristors must be used. Figure 13showsone
phase circuir ofthe power section of a thyris-
tors-based inverter; the other two circuits are
identical. Since thyristors can not be
switched off in a simple mariner, some ad-
ditional cornponents are required.
Each phase circuit needs four thyristors,

of wh ich two, Th land Th2, switch the cur-
rent through the motor. The other two, Th3
and Th4, are required for the so-ca lied com-
mutation process, wh ich is described below.

Commutotion
During forward conduciion all the junctions
of a thyristor are forward biased. To be able

SPEED CONTROL FOR THREE-PHASE MOTOR

to turn off the device, the charge carriers
rnust be removed and this is usually done by
applying a reverse voltage across the thyris-
ror, a process known as comrnuration. The
process wi l be described with the aid of the
circuit shcwn in Fig. 14, wh ich is part of that
in Fig. 13.

vr 0'

P- •

02

, 2
+-
C
-+

890073·26

Fig. 14.Simplified eommulation eireuil (delail 01
Figure13).

The simplified circuit in Fig. 14consists
of rwo thyristors. a commutauon LC ner-
work, which forms a series resonant circuit,
and two diodes.

In order to turn off Th I, Th3 rnust be
fired. AI first, capacitor C is charged as
shown (I). This resulrs in a sinusoidal cur-
rent in the LC circuit. The f'irst half period
of that current flows through Th3, which
then fires. When the current reaches a zero
crossing, Th3 is turned off and the polarity
of C is reversed (2). The next half period of
the current flows through rhe diode and Th 1
or Ihe motor. Für a brief instant, the motor
curreur flows rhrough the LC circuit: no cur-
rent then flows through Th land it turns off.
The remaining components in Fig. 14

protect the power semiconductors or are
needed to prepare the cornmutation process.
The operation of this type of inverter de-

Fig.13.Diagram01onephaseeireuil 01aIrequeneychangerbasedonthyrls-
tors, also ealledvoltage-basedIrequeneychanger.
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pends on the voltage across the motor and
the inverter is. therefore, called a voltage in-
verter. The level of the current through the
rnotor depends entirely on the load on the
motor.
Ir is also possible to base the lrequency

changer on the processing of the current, in
which case the load on the motor deterrnines
the voltage across the motor, This type of
frequency changer is called a current-based
frequency changer
The design of the power section of a cur-

rent-based frequency changer is shown,
greatly simplified, in Pig. 15. Note that the
smoothing filter does not contain a capaci-
ror, The comrolled rectifier ar the input de-
rermines the r.m.s, value of the current
Ihrough the smoorhing filter. The inductor
smoothes the direct current. Before it is fed
to the stators of the moror, the current
through the filter is divided in the inverter
in a manner to ensure thar a rotaring field is
indueed. The current rhrough, and the volt-
age ac ross. the moior are shown in Fig. 16.
Note that in rhis type of frequency changer
the current waveform is reciangular,
whereas rhe voltage is near-sinusoidal.
8ecause of the eontrolled rectifier, the

power [actor at the souree end of a current-
based frequency changer is not constant, but
varies in accordanee with the load. Further-
more, this type of frequency changer can not
be used in parallel operation of rnotors. be-
cause the eommutation capacitor in the in-
verter must be adapted to the rating of the
motor,

Since in a curreru-based frequency
changer the motor is part of the commuta-
rion network. such a frequency changer, in
contrast to a voltage-based changer, can not
be operated without the motcr. On the other
hand, Ihedesign of the inverter for acurrent-

89OO7J ·27

Fig. 15.Cireuil diagram01Ihe power seelion 01a current-basedIrequeney
changer.



based frequency changer is much
simplerthan that for a voltage-based
model. Furthermore. rhe comrnuta-
tion process is simply effected by
the inverter and the rotaring field of
the motor withour the need of addi-
tional components.
However, the grear advantage of

a current-based frequency changer
is not its simpler design, but the pos-
sibiry of feeding back the brake
horsepower into the source without
the need of additional components.
When the motor thus operates as a
generator, the current through ir is
reversed and fed ro the controlled
rectifier via the smoothing filter.
The rectifier then functions as an in-
verter, which returns the energy to
the source,

Efficiency

Fig. 16. Currenllhrough, and vollage across, a Ihree-phase molar op-
eraled wilh Ihe aid 01a currenl-based Irequency changer.
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The efficiency of the modern fre-
queney chan gers discussed in this
article is pleasantly high: depending Fig. 17.Typical efficiency curves 01a vollage-based Irequency changer.

on the design and technology em-
ployed, it lies somewhere berween
93% and 97%. Typical efficiency
curves of a voltage-based frequency
chan ger operating with various
loads are given in Fig. 17.
The overall dissipation includes

losses in diodes, thyristors, induc-
tors and control sections, Most of
the dissipation, however, occurs in
the commuration process. The over-
all dissipation is, therefore, highly
dependent on the number of corn-
mutations per unit time, Thus, al-
though high pulse rates reduce the
harrnonic content, they increase the
dissipation.

At frequeneies below 10 Hz, the
potential drop across the resistance of the
motor winding reduces the flux and the rno-
ment. In these circumstances, this may be
compensated by a higher than proportional
rise in the outpur voltage as indieated by the
charaeteristie in Fig. 18.

Miscellaneous
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Fig. 18.Outpul vollage vs Irequency charactetlstic when Ihe voltage is
raised at lowfrequencies.

When adapting your own requirements to
the observations and discussions in this ar-
tiele, bear in rnind that a number of compo-
nents are shown for very large loads. In no
eireumstanees, for instance, must the large
capacitors shown in the smoothing filters be
connected direetly across the mains or other
high-voltage source since at the moment of
first switch-on they form a short eireuit.
Such high-value capacitors must be charged
via a suitable resistor. Only when they have

'" " .."
es0013·3O

been charged can they be conneeted to the
input source and even then via a suitable pro-
tection eireuit.
The potential acrass the smoothing filter

rises to the peak value ofthe source voltage.
The capacitor(s) will retain a lethal charge
even after the souree has been disconnected.
The eommutation proeess eauses high

voltage peaks, whieh should be borne in
mind during test and measurernent.
As a rule, all eomponents in the power

seetion earry a potential to earth. Only very
small frequency ehangers ean be isolated
from the source (mains) by a suitable trans-
fonner. Again, this should be borne in mind
during test and rneasurernent. AJso, test in-
struments whose 'zero potential' is con-
neeted to their case (as in a number of oscil-
loscopes) must be conneeted to the mains
via an isolaring transformer. There exists

then, however, a potential between
the case and earth. BE WARNED
that in eertain circumstances it may
be dangerous to touch the ease.
The voltage peaks in the inverter
may reach values that exeeed the iso-
lation breakdown voltage of the test
instrument. It is therefore important
that for each insrrument at least the
maximurn input voltage and the
highest permissible voltage with re-
spect to earth or to case are known
and strietly observed. Furthermore,
in order to judge whether a given in-
strument is suitable for eertain rnea-
surements, its prineiple of operation
rnust be known. This is particularly
so when alternating voltages and
currents are measured whose wave-
form does not match that with whieh
the instrumenthas been ealibrated .•
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S-VHSjCVBS-TO-RGB CONVERTER

PART 2: CIRCUIT DESCRIPTION AND CONSTRUCTION

Following last month's introduction into the main characteristics ot
the Super-VHS system, we close off the article with details ot a

practical converter circuit that allows an S-VHS VCR or camcorder
to be connected to the RGB inputs ot a colour TV or monitor. The

circuit presented here torms a state-ot-the-art approach to
all-analogue picture standard conversion, and is based on the latest

in IC technology available tor this purpose.

It seems odd that the introduction of S~VHS
camcorders and video cassette recorders
(VCRs) last year has not been lollowed by
more TV sets with separate chrominanceand
luminance Inputs. After all, these recorders
need a suitable display to match their ad-
vanced features. True, some buyers will opt
for the fairly expensive TV receivers that
have separate colour processing facilities,
but many others are either not prepared to
pay the current high price for such a sct or
net yet willing to replace their existing set.
What can they da unil they have acquired a
suitable new set?

The circuit presented here converts the
separate colour signals supplied by an S-
VHS source into the three basic colour sig-
nals. red, green and blue (RGB), which may
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be applied to the respective Inputs of a TV
set fitted with a SCART socket or separate
RGB sockets. The performance of the inte-
grated circuits used in the converter is so
good that it is also worthwhile to have them
convertCVBS (composite video) into RGB. A
separate Input is provided for this applica-
tion, which also allows some types of RGB
computer monitor to be used as a video dis-
play.

Circuit description
As shown in the circuit diagram, Hg. 4, the
converter has three video signal Inputs:

CVBS (chrominance-video-blanking-
synchronisation) with an input imped-
ance of 75 .0. This input is suitable for

connecting to signal sources (VeRs,
carneras, camcorders and horne compu-
ters) that supply the standard CVBS sig-
nallevel of about 1 Vpp.
Y (Iuminance, or brightness) with an im-
pedance and sensitivity of 75 .Q and
1 Vpp respectively. The Y signal is pro-
cessed without a colour trap at a band-
width of up to 7 MHz.
VIV (chrominance, or colour informa-
tion) with an input impedance and sen-
sitivity 01 75 11and 0.5 Vpp respectively.
This input feeds the colour signal to the
PAL decoder in the circuit.

Luminance processing
The function of the separate Y, U and V sig-
nals thattogether makeup a colour videosig-
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Fig. 4. Circuit diagram of the video standards converter. The unit is connected to the TV set or monitor via SCART socket Klo

nal is discussed in Part 1 of this artic1e. The
Y and U/V inputs are used with S-VHS
equipment. The CVBS input may be con-
nected to equiprnent that supplies a compo-
site video signal. Two relays, Ret and Re2, are
used to switch between S-VHS and CVBS
operation. Theconverterisswitched toCVBS
operation by applying +12 V to the s-
VHS/NORMcontrol input. S-VHS operation is
selected by leaving the Input open-circuited.

Relay Ret then feeds the Y (luminance) signal
to IC2 via coupling capacitor C2. As shown
in the block diagram in Fig. 5, the TDA4565
contains a colour transient improvement
(CTOcircuit and a delay Une for the Ysignal.
This delay line is an essential part in any col-
our TV set because the luminance signal has
a muchgreaterbandwidth than the chromin-
ance signal and hence requires a delay of
about 800 ns. A number of gyrators in the

TDA4565 allow delay times between 690 ns
and 960 ns to be set in steps of 90 n.;;with the
aid of a conrrol voltage applied to pin 15. In
the present circuit, the delay is set to 780 ns
by potential divider R9-R10.Coupling capa-
citor Css feeds the delayed Ysignal supplied
by pin 12 of the TDA4565 to pin 15 of the col-
our matrix circuit, a TDA3505 QO). The de-
layed Y signal has an amplitude of about
0.5 Vpp.
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Fig. 5. Block diagram of the lDA4565 Colour Transient Improvement (Cll) circuit.

Chrominance processing
The chrorninance signals are passed to the
decoder via the contact of Re2_Before they ar-
rive at the PALdecoder, a TDA4510 OC4),the
U/V signals are attenuated by RI6-RJ7, and
taken through a high-pass filtercomposed of
C15-Cl6-L2.
The TDA4510 was originally designed

for use with a glass delay line which serves
to store the chrominance signal of the pre-
vious picture line. In the present circuit, the
TDA4510 works without this crucial part
whose delay time of one picture Une enables
the colour correction operation in the PAL
TV system to correlate the colour informa-
tion in two successive pietute lines. In a PAL
TV receiver, the R-Y and B-Y components
modulated on the 4.43 MHz colour subcar-
rier are delayed and subsequently added to
the undelayed signals. Since this addition is
critical in respect of phase and amplitude, a
preset and a small inductor are fitted to op-
timize theadjustment which, unfortunately,
requires a calibrated PAL signal source.

The recently introduced TDA4660 pro-
vides a welcome alternative to the glass
delay Iine and at the same time elirninates
the associated complex phase and amplitude
edjustments. The baseband delay element in
the TDA4660 may be used by configuring
the PAL decoder as shown in the circuit di-
agram. The demodulated colour difference
signals at output pins 1 and 2 of IC4 are ap-
plied to the respective inputs of the CCD-
based analogueshift register in the TDA4660
(see the block diegram in Fig. 6). After the
shift operanon. the delayed signal and the
undelayed signal are added in the re to give
the conventional R-Y and B-Y components.
The clock for the CCD register is provided
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by a PLL (phase-locked loop) circuit con-
tained in the TDA4660. The reference clock
of the PLL is formed by the Une frequency,
obtained from the super-sandcastle pulse
applied to the chip via RJ3-RJ4. The origin
and the function of the super-sandcastle
pulse is discussed further on in this article.

CTI function
The colour difference signals. R- Y and B-Y,
are applied to the Inputs. pins 11 and 12, of
the baseband delay element, IC3. The typical
signal levels are 1.0 Vpp nt the R-Y input
(pin 11) and 1.3 Vpp at the B-Y input (pin 12).
An oscilloscope connected to these rc pins
will reveal sluggish rise and fall times of the

S·VHS!CVßS·TO-RGB CONVERTER

colour difference signals as a result of say,
the standard colour bar test chart. This is
caused rnainly by the limited bandwidth
(about 1 Ml-Iz) of the chrominance signal.
The bandwid th is reduced even further (to
about 0.5 MHz or smaller) whe.n anormal
VHS tape is played back. Obvtously. this
makes the signal edges even slower and re-
sults in degraded colour transient definition,
or, in other words, a picture that is not very
sharp. In not a few cases, the picture quality
from a VeR is degraded further by moire ef-
fects in the already blurred colour transients.
As already explained in Part 1, this moire is
caused mainly by insufficient suppression of
the colour subcarrier sidebands.

Fortunately, the picture quality can be
tmproved constderably by a colour transient
improvement(CTl) chip. Here, theTDA4565
(IC2) is used in a standerd application circuit.
The way in which CTI is implemented with-
out introducing overshoot and additional
noise is discussed below.
The TDA4565 detects a colour transient

by differentiating the colour difference sig-
uals. This is achieved by an internal dif-
ference amplifier and capacitors C3 and C4.
When a transient is detected, an interne I
pulse shaper, whieh uses es as an external
part, is actuated. The pulse sbaper in turn
causes the input signal to be stored in a
sarnple-and-hold circuit which retains the
current signal level until the transteut is over.
Next, 100 ns pass before the new level is sup-
plied. The sample-and-hold function is im-
plemented by external components R6, R7,
C6 and C7. The re-shaped colour difference
signals at output pins 7 and 8 of the
TDA4565 are fed to the matrix circuit via a
pair of coupling capacitors, CS4 end CS5.

Up
anal.

10

-(A·V)

output

·(B·Y)

TDA4660 7 ".'H ---- ~~~

2
6 n.c.
ts

n.c.

<, 00. 900055 -11-13

senocesne

Fig. 6. Block diagram of the TDA4660 CCD-based baseband delay element with Pll-con-
trolled line frequency generator.
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Fig. 7a. Track layout (mirror image) of the printed-circuit board tor the video converter.

RGB output circuit
The colour matrix circuit is based on another
video Ie from Philips Components: the
TDA3505 (lO). In this, the luminance and
chrominance signals meet (in 5-VHS mode)
or meet again (in CVBS mode). The basic col-
ours, R, G and B, are recovered, by a SUIlU11-
ing operanon. from the colour difference
signals and the luminance (Y) cornponent.
The picture settings, contrast, brightness and
colour saturation. areadjusted by direct volt-
ages that determine the bias and the gain at
a nurnber of points in the matrix. Here, the
relevant components are R63-R71and presets
P2, P3 and P4. The presets are used to adjust
the brightness (P2), the cantrast (P3) and the
colour saturation (P4). The multiturn presets
on the circuit board may I of course, be re-
placed by front-panel mounted potentiome-
ters to givea continuous control rangerather
than fixed settings.

Two-stage level shifters/buffers are re-
quired at the outputs of the matrix because
these do not supply levels down to 0 V, and
are not capable of dnving a 75-Q load direct.
The buffering and level shifting are achieved
with three combinations of an emitter fol-
lower and a common-base amplifier (Tl-T6).

The output impedance of the three drivers is
7511.

Each colour output driver has a diode
which allows the operatmg point of the two-
transistor stage to be monitored via pin 26 of
the TDA350S. The operating point is moni-

tored and, if necessary, corrected. during the
vertical blanking inrerval. i.e., when the
scanning beam in the TV set is quenched.
The direct voltage required for this function
is stored in capacitors C40, C41 and C42 dur-
ing the current picture. The matrix circuit

COMPONENTS LIST

Resistors: 1 4k7 A24
6 8211 Al ;A2;A3;A58; 1 100kl1 A25

A59;A60 1 120kl1 A27
2 22011 A4;A17 1 22kl1 A30
1 lk2 A5 2 39kl1 A31 ;A33
3 10011 A6;A7;A37 1 2k7 A32
5 6118 A8;AI9;A52;A54; 2 1k5 A34;A36

A56 1 47011 A35
2 l2kl1 A9;A26 5 l5kl1 A38;A39;A64;
1 6k8 Al0 A68;A72
1 lMl1 All 3 4711 A44;A46;A48
1 56011 A12 4 68011 A45;A47;A49;A50
5 10kl1 A13;A14;A28; 1 l50kl1 A63

R29;R4l 2 220kl1 A65;R70
2 3k3 A15;A18 1 56kl1 A66
6 lkl1 A16;R21 ;A23; 1 68kl1 A67

R57;R6l ;A62 1 47kl1 A69
7 6811 A20;A40;A42; 1 82kl1 A7l

R43;R51 ;R53; 1 10kl1 preset H Pl
A55 3 10k!1 multiturn preset P2;P3;P4

82011 R22 (continued --+1
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S-VHS/CVBS-TO-RGB CONVERTER

Y level S-VHS

GND

GND

U/V level S-VHS

CVBS

GND
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00 ~c

c 00 -; 0
00 c, 00
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Fig. 7b. Component mounting plan 01 the printed-circuit board, and connections to extern al parts and video/audio equipment.

COMPONENTS LIST

Capacitors: 1 4~7 16V radial C34 TOA2595 IC5

2 150pF CI ;C16 2 lnF C37;C39 HEF4528 IC6

11 47DnF C2;Cl O;Cll ;C21; 1 100nF C38 TOA3505 IC7
C35;C40;C41 ; 1 1,OOO~F25V radial C47
C42;C54;C55;C56 3 I~F C50;C51 ;C52 Inductors:

2 100pF C3;C4 1 470~lF 16V radial C53 1 1D~H adjustable; Ll
1 330pF C5 6 33nF C57-C60 Toko 119 LN-A3753

2 22DpF C6;C7 5D~H adjustable; L2
5 220nF C8;C26;C3D;C48; Semlconductors: Toko 119 LN-A5783

C49 4 lN4DD4 01-04
2 10JlF 16V radial C9;C14 4 lN4148 05;07;08;09 Miscellaneous:
3 4n7 C12;C13;C31 1 5V6 O.4W zener diode 06 2 12-V SPOT OlL reed relay Rel ;Re2
1 33pF C15 1 5V1 O.4W zener diode 010 1 cca-mouru SCART socket Kl
6 10nF CI7;C22;C23; 1 4V3 O.4W zener diode 011 1 quartz crysta18.867238 MHz Xl

C24;C32;C36 4 BC549B Tl ;T2;T3;T7 (HC18/U)
3 330nF C18;C20;C28 3 BC56DC T4;T5;T6 1 heat-sink for IC1
1 47nF C19 1 BSX20 T8 22 solder pins
1 30pF trimmer C25 1 7812 ICl 1 printed-circuit board 90D055
2 100~F 16V radial C27;C46 1 TOA4565 IC2
1 56pF C29 1 TDA4660 IC3
4 22nF C33;C43;C44;C45 1 TDA451 0 IC4
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RADIO AND TELEVISION

Fig. 8. S-VHS equipment is gaining rapid acceptance. Pictured to the right is JVC's
Super-VHS compact recorder with built-in LCD screen. The recorder is claimed to be the
world's lightest and smallest at a weight of only 530 9 and a size of 131x58x118 mm. The
associated Super-VHS camera with stereo sound has a size of 39x69x122 mm. The camera
and the recorder are part of the SC-F007 mini-video system, kindJy put at Dur disposal by
JVC Holland.

recognizes the vertical blanking perfod with
the aid of the super-sandcastle pulse.
The SCART socket that supplies the RGB

outpur signals also carries the (stereo) sound
signals via pins 3, 1 and 4, and the AV and
SWITCHvoltages (+12 V and +5 V for outo-
matic switch-over to A V and RGB mode re-
spectively).

CVBS mode
The operation of the circuit in CVBS (compo-
site video) mode is much simpler than in S-
VHS mode. When the S-VHS/NORM control
input is connected to +12 V, both relays are
actuated. Like the chrominance signal, the
CVSS signal is applied direct to the colour fil-
ter, so that the PAL decoder receives the col-
our components, wh ich, obvtously, the Y
channel must not be allowed to 'see'. The fil-
tered composite signal is applied to Kz after
passing a colour trap composed of R4 and
tuned circuit Ll-C1. The CVBS (or Y) signal
is 'tapped' behind Ret and fed to the syn-
chronization separater, ICs, via a lew-pass
filter, Rn-C29.

Power supply
The 12-V power supply on the board is con-
ventionally based on a rectifier, Dl-D4, a
smoothing capacitor. C17, and a voltage
regulator, ICI. The input of the supply may
be provided with an alternating voltage be-
tween 10 Vand 12 V.

Syncs ond sondcostles
The horizontal sync generator and sync sep-
arator is formed by JCs, a TDA2595. This IC

also generates the previously mentioned
sandcastle pulse.

When pin 9 of the TDA2595 is connected
to +12 V via a 15-kQ resistcr, the complete
synchronization signal is available as post-
tive-going pulses with a swing of 12 Vpp.ln-
verrer Ta is driven by T7, an emitter folIower.
The open-circuited signal level at the SYNC

output of the SCART socket is set to about
2 Vpp by voltage divider R35-R37 at the col-
lector of TB. When this outpur is loaded, the
signal level drops to about ] Vpp. When a
muln-sync monitor with a TTL-compatible
sync input is used, resisror R37 must be
changed to 390 Q.

The TDA2595 requires the horizontal and
the vertical blanking pulse to generate the
super-sandcastle pulse. This four-level pulse
contains the folJowing timing Information:

o V == picture period and reference level
+2.5 V = vertical blanking
+4.5 V = horizontal blanking
+11 V = burst gate

The burst gate is obtained from thePt.Lcon-
trolled Iine frequency generator in the
TDA4660.ltenables the PAL decoder to time
the insertion of the 4.43 MHz colour burst in
the horizontal blanking period. Since the
horizontal and vertical blanking pulses are
normally genera ted in the deflection circuits
of the TV set, they rnust be genera ted separ-
ately in the converter. This is achieved by a
dual monostable, IC6.

The positive-going cornposite syn-
chronization signal at the ernitter of T7 is
passed through lew-pass filter R:n-C39, so

that the vertical synchronization component
remains. It triggers one of the monostables
via pin 4. At the output, a 1.2-ms long pulse
appeers, which is mixed with the sandcastle
pulse via R.32. The output signal of the hori-
zontal sync oscillator (at pin 4 of rCs) is fed
to the second monostable in IC6. This sup-
plies a ] 0-115lang pulse which is fed back to
the TDA2595 for use as the horizontal blank-
ing level in the sandcastle pulse.

Construction ond
odjustment
Although thecircuit is relatively complex, its
construction on the single-sided printed-cir-
cuit board shownin Fig. 7 isstraightforward.
Start the construction by fitting the five wire
links on the board. The voltage reguletor,
IC1, must be bolted to a fairly large, verttcally
mounted heat-sink before its terminals are
soldered. lf the SCART socket has mounttng
holes in the flanges, they must be used to se-
eure the plastic body to the printed-circuit
board with the aid of two small serews (M3)
and nuts. SomeSCART sockets have snap-in
arms at the sides for which holes must be
drilled in the Pr.B. 00 not forget to set the
three multiturn presets to the centre of their
travel before or after they are mounted: clsc,
strange pieture effects may oceur when the
converter Is first switched on, and you may
have a hard time finding the cause of the
problem, wh eil there is nothing wrong with
the circuit.
On completion of the sold er work, in-

spect the printed-circuit board very care-
fully. Check the orientation of alllCs, diodes
and electrolytic capacitors against the over-
lay printed on the board and shown in
Fig.7b.

Apply power to the converter and check
that its current consumption is about
350 mA at 12 V. Next, adjust preset PI until
the PLL runs free at the line frequency,
15,625 Hz (64 us), which can be measured at
pin4 of ICs. Apply a colour Input signal, and
adjust trimmet capacitor C25 until the moni-
tor switches to eolour.ln most cases, the col-
our will be on already with the trimmer set
to roughly half-way of its travel. Check that
the 8.86 MHz oscillator starts properly by
switching the convcrter on and off a few
times. The colour should come on immedi-
ately after switching on. If it does not, care-
fully re-adjust the trimmer. Finally, adjust
the colour trap, Li. Apply a CVBS signal and
adjust the inductor for minimurrt chromin-
ance subcarrier amplitude. This measure-
ment is best carried out with an oscilloscope
connected to pin 12 of IC2. When an oscillos-
cope is not available, adjust LI for rrunimum
moire interference in the colour picture. •
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o

o

Fig. 7a. Track layout (mirror image) ot the printed-circuit board tor the video converter.

RGB output circuit
The colour matrix circuit is based on another
video IC fram Philips Components: the
TDA3505 OC7). In this, the luminance and
chraminance signals meet (in 5-VHS mode)
or meet again (in CVBSmode). The basic col-
ours, R, G and B, are recovered, by a summ-
ing operation, from the colour difference
signals and the luminance (Y) component.
The picture settings, contrast, brightness and
colour saturation, are adjusted by direct volt-
ages that determine the bias and the gain at
a nu mb er of points in the matrix. Here, the
relevant components are R63-R71and presets
P2, P3 and P4. The presets are used to adjust
the brightness (P2), the contrast (P3) and the
colour saturation (P4).The multiturn presets
on the circuit board may, of course, be re-
placed by frant-panel mounted potentiome-
ters to give a continuous contral range rather
than fixed settings.
Two-stage level shifters/buffers are re-

quired at the outputs of the matrix because
these do not supply levels down to 0 V, and
are not capable of driving a 75-0 load direct.
The buffering and level shifting are achieved
with three combinations of an emitter fol-
lower and a common-base amplifier (TI-T6).

The output impedance of the three drivers is
750.
Each colour output driver has a diode

which allows the operating point of the two-
. transistor stage to be monitored via pin 26 of
the TDA3505. The operating point is moni-

tored and, if necessary, corrected, during the
vertical blanking interval, i.e., when the
scanning beam in the TV set is quenched.
The direct voltage required for this function
is stored in capacitors C40,C41and C42dur-
ing the current picture. The matrix circuit

COMPONENTS LIST

Resistors: 1 4k7 A24
6 820 Al ;A2;A3;A58; 1 100kQ A25

A59;A60 1 120kO A27
2 2200 A4;A17 1 22kQ A30
1 lk2 A5 2 39kQ A31 ;A33
3 1000 A6;A7;A37 1 2k7 A32
5 608 A8;A19;A52;A54; 2 lk5 A34;A36

A56 1 4700 A35
2 12kQ A9;A26 5 15kQ A38;A39;A64;
1 6k8 Al0 A68;A72
1 lMO All 3 47n R44;R46;R48
1 5600 R12 4 6800 R45;R47;R49;R50
5 10kQ R13;A14;R28; 1 150kQ R63

R29;R4l 2 220kQ R65;R70
2 3k3 R15;R18 1 56kQ R66
6 lkO R16;R2l ;R23; 1 68kQ R67

R57;R61 ;A62 1 47kQ R69
7 680 A20;R40;R42; 1 82kQ R7l

A43;R5l ;R53; 1 1OkQ preset H P1
R55 3 10kQ multiturn preset P2;P3;P4

1 8200 R22 (continued -?)
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:[TIONS CORRECTIONS CORR~
400-watt laboratory power
supply
October 1989 and November 1990
A number of constructors of this popular
project have brought the following problems
to our attention.

1. The onset point of the current limit cir-
cuit lies at about 3 A, which is too 10w. Solve
this problern by repladng TI with a Type
BC517 darlington transistor, and R20 with a
82kQ restetor.

2. Depending Oll thecurrent transfer ratio
of the optocoupler used, the trans former
produces ticking noises. This effect, which is
caused by overshoot in the pre-regulation
circuit, may be traced with the aid of an 05-
cilloscope monitoring the voltage across C26
at a moderate load currcnt. The capacitor
must be charged at each cycle of the mains

frequency I and not once every five cycles.
The problern is best solved by reducing the
amplification of the regulation circuit. Re-
place RI7 with a 39 kQ resistor, and create
Feedback by fitting it between the base and
the coUector of T3. Also add a resistor in
series with the optocoupler. These two
changes are illustrated in Pigs. 1 and 2.
Lower R16 to 10 ill, increase C24 to 10 IlF,
and increase Rl5 to 270 kQ.

3. Excessive heating of the transformer is
caused by a d,.c. component in the primary
winding. This is simple to rernedy by fitting
a cepacftor of any value between 47 nF and
470 nF, and a voltage rating of 630 V, across
the primary connections. This capacitcr is
conveniently mou.nted on to the PCS termi-
nal block that connects the tmns formet to the
mains.
4. One final point: when using LED

1

original

+ 12V

."
."
220.

'~
~ IC5

2 ~ CNY17-2

."
270.

mOdJli"d

... 1 ~~ KJ5
2 ~CNY17.2

Y--O--J

2

OVMs for the voltage/current indicatiou,
their ground line must be connected to the
positive terminal of Cu.

Hard disk monitor
December 1989
In some ca ses, the circuit will not reset
properly because the CLEARinput of IC3A is
erroneously connected to ground. Cut the
ground track to pin 3 of TC3,und use a short
wire to connect pin 3 to pin 16 (+5 V).

Microprocessor-controlled
telephone exchange

October 1990
In some ca ses, the timing of the signals ap--
plied to ICl7 causes a latch-up in the circuit,
so that the exchange does not detect the state
of the connected telephones pmperly. Solve
this problem by cutting the track to pin 1 of
ICI7, and connecting pin 1 to ground (a suit-
able point is the lower terminal of C6).
The text Oll the fitting of wires on the

BASIC computer board (page 19, towards
the bottom of the right-hand cclurnn) should
be modified to read: 'Finally. connect pin 60f
K2 to pin 70110 (Y7 signal).'

5-VHS/CVBS-to-RGB
converter (2)

Ocreber 1990
The capacitor marked 'C37', next to R2·1Oll
the component overlay (Pig. 7b and ready-
made printed circuit board), should be
marked 'C39'.

In case they are difficult to obtain locally.
inductors type 119-LN-A3753 (LI) and 119-
LN-A5783 (U) may be replaced with the re-
spective types 119-ANA-5874HM and
119-ANA-5871 HM, also lrom Toko, lnc.
Suggested suppliers are Cirkit Distribution
Ltd., and C-I Electronics.

EPROMsimulator
December 1989
Counters 10 and IC4 may not function
properly owing to a too low supply voltage.
This problern may be solved by replacing
ren with a 7806. Alternatively, use BAT85
diodes in positions 01 and 02.

Programmer for the 8751
November 1990
The ready-programmed 8751 for this project
is available at E3S.25 (plus VAT) underorder
number ESS 7061, not unde.r order number
ES55951 as stated on the Readers Services
pages in the November end December 1990
issues.
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VARIABLE A.C. POWER SUPPLY I

AC POWER SUPPLY

o

EB EB EB

900104-F

Fig. 6. Layout of the front panel foil (shown here at about 70% of true size). This toll is available ready-made through the Readers Services.

This means that the supply can not be set to
an output voltage ofO V. Portunately, the ac-
tual minirnum output volta ge is quite low at
a value smaller than 0.5 V.
The regulation circuit is powered by the

mains transformer via rectifier D3-C2. Com-
ponents R9, 04 and T4 reduce the rectified
voltage to about 33 V, which can then be
safely appLied to the input of a 12-V regula-
ror, Kz.

Construction
The construction of the power supply is
straightforward if you use the printed-cir-
cuit board shown in Fig. 4. The optocoupler

6-metre band converter
April 1991, p. 38-43
The components list and the inductor over-
view in the top left hand corner of the circuit
diagram should be corrected to read:

Li, L2 = 301KN0800.
Capaeiter C16 (4.7 pF) must not be fitted on
the board.
Finally, a few constructional tips:

Fit a 10 nF cerarnicdecouplingcapacitor
at junction L7-R36.
Fit a 18 kQ resistor between the base of
T3 and ground. This reduces the Q factor
of L2, and prevents too high stgnal levels
at the base of T3.
For irnproved tuning. inductor L9 may
be replaeed by a Toko Type
113KN2K1026HM.

Multitunction measurement
card tor PCs

January and February 1991
We understand that the 79L08 (lC17) is no
longer manufactured and, therefore, diffi-
cult to obtain. Here, the lC rnay be replaced
by a 7908, whieh, although physieally larger

ELEKTOR ELECTRONICS JUNE 1991

is a Imme-made device. The construction is
shown in Fig. 5. Use a length of PVC tubtng.
a (black) spool of a photographic film, or cut
a piece of thiu. black decoration cardboard to
size and roll it into a tube.

The printed-circuit board enables the
LDR and the LEDs to be connected in two
ways, allowing you to deterrnine where the
respective component terrainals exit from
the optocoupler assembly.

The heat-sinks of T4 and lC2 need not be
Iarge - in rnost cases, two pieces of alumi-
nium of an area of about 15 mm' will do.
Makc sure that the heat-sinks da not touch.
Alternatively, lC2 and T4 may be mounted
on a common heat-sink, provided both corn-

CORRECTIONS

than the 79L08, is pin-compattble, and
should fit on the peB.

Dimmer tor halogen lights
April 1991, p. 54-58
In the circuit diagram of the transmitter,
Fig. 2, pm 14 of the MV500 should be shown
connected to pin 13, not to junction R1-R2-C2.
The relevant printed-circuit board (Fig. 6) is
all rtght.

RDSdecoder
February 1991, p. 59
Line AO between the 80C32 contral board
and the LC display is not used to reset the
display, but to select between registers and
data.

We understand that the SAF7579T and
the associated 4.332 MHz quartz crystal are
difficult to obtain thraugh Philips Compo-
nents distributors. These parts are available
from C-I Electronics, P.O. Box 22089,

ponents are fitted with insulating washers.
The power supply is housed in a metal

enclosure Type LC850 from Telet. The
dimensions of the blue-and-grey seff-ad-
hesive front-panel foil for the supply (Fig. 6)
are geared to this type of enclosure ..
The two toroid transformers stated in the

components list have two 15-V secondary
windings, which must be connected in series
to obtain the required 30 V.
The power supply has only one adjnst-

ment. Connect an a.c. voltmeter to the sup-
ply and set an output volta ge of 25 V. Next,
adjust Pr until the moving-cotl meter indi-
cates the sarne value. •

6360 AB Nuth, Holland. For prices and or-
dering information see C-T's advertisement
on page 6 of the May 1991 issue.

S-VHS-to-RGBconverter
Oelober 1990, p. 35-40
Relays Ret and Re2 must be types with a coil
voltage of 5 V, not 12 V as indicated in the
components list. Constructors who have al-
ready used 12-V relays may connect the coils
in parallel rather than in series.
Suitable 5-V relays for this project are the
3573-1231.051 from Günther, and the
V23100-V4305-COOO from Siemens.
The components list should me modified to
read:
6 33nF C57-C62
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MEASUREMENT TECHNIQUES. (1)

By F.P. Zantis

There are many electronics/electrical practitioners who have
implicit faith in their measuring instruments and believe anything
displayed on the these, particularly if the display is digital. There is

more to measuring electrical quantities, however, such as
knowledge of the instrument being used and the purpose of the
measurement. With those in mind, it is possible to select the most

suitable instrument for a given measurement. Judging and
interpreting the measurements are the next important steps.

Basically, each and every measuring instrument produces errors.
The magnitude of such errors and how to arrive at meaningful

results is the object of this new series of articles.

In all measurements a numberof errors may
occur that can, however, be avoided or at
least minimized by a proper knowledge of
them. Such errors fall under four headings.
1. Systematic errors,
Systematic errors are in direct proportion to
the quality of the instrumenr and are the re-
sult of inaccuracies in the design, construc-
tion, final assernbly and calibration of the in-
strument. The more care the manufacturer
has taken in these areas, the smaller the er-
rors will be (and the higher the price of the
instrument).
2. Environmental errors.
Environmenral errors are caused by geo-
graphical position, temperature, humidity.
and electric and magnetic fields, Olle of the
most common is the elecrro-rnagnetic field
around a mains transformer (see Fig. 1),

Fig.1.

which may make a measurement at besr
meaningless and at worst impossible. Even
the earth's magnetic field can distort a mea-
surement: the electron beam in an oscillo-
scope, for instance, is deflecred by it. The
degree of deflection is detennined by tbe po-
sition of the oscilloscope in rhe laboratory
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or workshop and is evidenced by the hori-
zontal trace not being exactly parallel with
rhe horizontal graticule lines. Screening the
oscilloscope does not help and a good-qual-
ity oscilloscope is therefore provided with a
trace roration control.

4Il"C _

zO"c -

O"C _ ••

Fig.2.

The effect of ambient temperature should
also not be underestimated (see Fig. 2.). Test
equipment is normally calibrated at +20 "C.
When the ambient temperature differs from
this by more than ±10 "C, temperature-de-
pendent errors are likely to occur.
With analogue instruments, it mayaiso

be importanr whether it is used upright or
lying down (see Fig. 3).
3. Human errors.
Human errors occur when the user is not
quite elear about the purpose ofthe measure-
ment ordoes not know enough about the test
equipment he is using, or both, Typical are
not knowing the input resistance when volt-
age measurements are carried out (error
caused by incorrect loading of the voltage
source) and incorrect setting of the instru-
meru. Carelessness in taking or recording
readings is anothcr cause of errors.
4. Applicational errors.
Applicational errors occur when the equip-

ment used is not suitable for Lhemeasure-
ment ro be carried out. For instance, the use
of an instrument whose internal resisrance
is comparable to the input resistance of the
circuit under test.
Also, reading errors are very common,

particularly when analogue instruments are
used. Such instruments should always be
read with the eye at rightangles to the pcinter
La avoid paratlax errors. Same instruments
have a rnirror directly below the meter scale
to ensure that the poinrer is read correctly (it
should not be seen in the mirror).

Errorsin practice

Most measuring instruments are still based
on analogue rechniques and have analogue
displays. This is so for very good reasons as

Fig.3.



MEASUREMENT TECHNIQUES (I)
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will be seen later in the scries.
The accuracy of analogue instruments 15

normally given as a percentage (absolute
error) of full-scale deflection (FSD). Note
that the a.c. and d.c. ranges of multirneters
usually have different accuracies. This
rneans, for instance, that the pointer of an
instrument with 1.5% accuracy and set to its
10-V range may at any given reading be off
the true value by as much as 150 mY.

If, therefore, a voltage is measured as
I V. the true value may lie berween 0.85 V
and 1.15 V. That represents a maximum rel-
ative error of 15%1 H, in the same range, a
voltage of 9 V i5 measured, i1S true value
may lie between 8.85 V and 9.15 V The
maximum relative error is then
0.15/9xI00% = 1.67%.

Frorn these two examples it is seen that
at the lower end of the range rneasurernents
are guesswork, in the middle of the range
they are merely unreliable, and only ar the
upperend of the range does the relative error
compare with the stated accuracy. This
means that for greater accuracy the proper
range (thar is, the OIle where the greatest de-
flection is obtained) should be selected. Fig-
ure 4 shows the relative error in per cent for
three instruments that have absolute errors
ofO.5%, 1.5% and 5%, respectively, of'full-
scale deflection. Ln all cases, note the rapid
rise of the relative error for sma11 pointer de-
flecrions.

Matching measurand and
measurement range

The importance of selecting the correct mea-
surement range will beshown by the [ollow-
ing example. Assurne that an alternating
voltage of about 20 V is tu be measured and
that two measuring instruments are avail-
able. Of these, one has an absolute accuracy
of 0.5% and FSD ranges of I V, 10 V and 100
V, while the other has an absolute accuracy
of 1% and FSD ranges of3 V. 30 V and 300
V.

The first instrument must be set to the
100 V range and the relative error will be
0.5/20xI00% = 2.5%. The second instru-
rnent is set to its 30 V range, where rhe rel-
ative error wil be 0.3/20xI00% = 1.5%. It
is thus seen thar the less accurate instrument
in this case gives the more accurate result!
This is an important point to bear in mind
when buying an insrrument: the ranges
available should be compatible with the ex-
pected measurands. When you are normally
engaged in power electronics, you need dif-
ferent ranges from those required in radio/rv
engineering .

Digital instruments
In digital instrumenrs, rhe accuracy is 110r-
mally related ro displayed value. Further-
more, because of the analogue-to-digital
conversion, the accuracy of the final digit
rnusr be added. Normally, the accuracy of
the displayed value is ±I digit, although
there are instrurnents with an accuracy of±2
digits and rnore.

The overall accuracy of a digital multi-
meter is typically

for direct voltage measurements: 0.1 %
of measurand ±I digir;
for alternating voltage measurements:
2% ofmeasurand ±7 digits;
for direct current rneasurements: 0.35%
ofmeasurand ±I digit;
for alternating current measurernents:
0.9% of measurand ±3 digits.
If the measurement of the alrernaring

voltage of around 20 V in the earlier exarn-
pies had been carried out by this digital in-
srrument, the readings would have been

20xl.02+ 7xO.1 =21.1 V
and

20xI.02-7xO.1 = 18.9 V
respectively. The relative error would have
been

1.1/20xI00% = 5.5%.
This shows that digital instruments are

not necessari Iy more aecurate than analogue
ones as quite a few people believe. Note that
the graphs in Fig. 4 apply to digital instru-
ments as weil.

Measurand and instrument

The measurand may have any one of a mul-
titude of waveforms. Because of that, dif-
ferent instrurnents, or different methods of
measuring, will give different results when
such quantities aremeasured. Only when the
basis of the measurement is known can the
reading have any significance. Par instance,
a moving coil meter without rectifier will
show the arithmetic mean of a quantiry,
However, the artihmetic mean of a pure al-
temating voltage (or current) is 0, so that
there is no deflection ofthe pointer (see Fig,
5). If that meter is used to measure a corn-

0."-------------------------.
goo,lJ·,S

Fig.5.

posite voltage (orcurrent), it will only show
the vaJue of the d.c. component Care should
be taken, however, because if the level of
the superimposed alrernating voltage (or
current) is high, the meter may be over-
loaded in spite of that quantity not affecting
the reading,
To measure an aJtemating voltage (ar

current) with a moving coil meter, a rectifier
should beconnected in series with the meter.
This is the ease, for instance, when an ana-
logue mulrimeter is set to one of its a.c,
ranges, The instrument will then display the
rnean d.c, value ofthe rectified quantity (see
Fig. 6). The arit.hmetic mean of a rectified
sinusoidal voltage, Ua =O.318U rms and this

OOCl"· lG

Fig.6.

is the value indicated by the meter, However,
the meter scale is calibrated in r.m.s. values,
There is a fixed relation between the r.m.s,
vaJue of an altemating voltage orcurrent and
its rectified mean value, which depends on
the waveform. The vaJuegiven above is only
true for a sinusoidal voltage or currenr, If the
voltage or current is rectangular, the meter
reading must be multiplied by 0.89 to find
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TEST AND MEASUREMENT

the r.rn.s. value. When a triangular quantity
is measured, the error is negligible: the true
value is rhen only 0.36% largerthan that dis-
played.
Ir might be expected that all this is true

for digital instruments as welJ, bur unfortu-
nately that is not always so. Depending on
the method of test, deviations may oeeur that
can not really be foreseen. Same (relatively
expensive) of rhese instruments can display
the true r.m.s. value of a voltage or current.
These instruments compure rhe r.m.s. value
independently of the wavefonn.
Another factor that should be borne in

mind is that, apart from the waveforrn, the
frequency of a voltage or current plays a
role. Most digital rnultimeters measure al-
ternating quamies correctly only if the fre-
quency is not higher thall400 Hz. Analogue
instruments of abour the same price perform
rather better: right inro the kHz range.
The r.m.s. rneasurement in rnany stan-

dard d.c, instruments is made possible by a
variety of special circuits. These compute
the r.m.s. value from the applied alternating
voliage and convert it into a direct voltage,
which is read in the usual way. Thesecircuits
are normally based on special ICs: a typical
cne is shown in Fig. 7 (see also Ref. land
Ref. 2).

When measurements are carried out with
an oscilloscope, the instantaneous value of
the measurand can be seen ar a gl an ce, so

+
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9::J:0n

100n

sv900113 ·17

Fig.7.

2. "True RMS DVM", Elektor Electronics,
December 1989, p. 40.
3. Electronic instruments and measure-
ment techniques" by F.F. Mazda, ISBN
0521268737, Cambridge University Press
(Etektor Electronics, November 1987)
4. Modem Electronic Test Equipment, by
Keith Brindley, ISBN 0434 90567 4, Heine-
rnann-Newnes (Elektor Electronics, No-
vember 1986).

that at least the peak val ue of a voltage or
current can be determined quickly. Derer-
mining the r.m.s. value is, however, possible
only if the waveform is regular and the ap-
propriate conversion factor is known. •

Further reading:

I. "RMS-to-DC converter", Elektor Elee-
tronics, July 1986, p. 38.

The sweep time can be varied from
0.5 Ils/div 10 0.5 s/div; a rnaxirnum sweep
speed of 50 ns/div, can be achieved with the
use of the xlO magnifier.
Cross-talk is specified as at least-40 dB

for a I kHz sine wave.

As a precision pulse generator, the four
time intervals define two pulses for appli-
cations that require precisely controlIed
pulse widths. The position and width of
each pulse rnay be programmed from the
front panel or via the GPIB. Front panel BNCs

provide fast ourputs at TTL, NIM, ECL or COIl-
tinuously adjustable levels. These pulses
and their complements are available from
separate front panel outputs. The ourputs
may be set to drive either 50-ohm or high-
impedance loads.
Fieldtech Heathrow Lid, Huntavia
House, 420 Bath Road, Longford, WEST
DRAYTON VB7 OLL.

FOUR-CHANNEL DIGITAL
DELAY / PULSE GENERATOR

The Precision Pulse Generator and Digital
Delay Generator recently announced by
Fieldtech offers high accuracy and preci-
sion, a wide range and low jitter.

A useful vertical amplifier signal output
(channel I) is available, which gives an out-
put of 50 m'V/div. over a bandwidth of
100 Hz 10 10 MHz. This enabies, for in-
stance, a frequency counter to be connected
für accurate measurement of a waveform at
low frequency.
Thurlby-Thandar Lid, 2 Glebe Road,
HUNTlNGDON PEI8 7DX, Telephone
(0480) 412451.

20 MHZ OSCILLOSCOPE WlTH
FULL BANDWfDTH AND
HIGH SENSITlVITY

The Kenwood CS4025 oscilloscope IS a
low-cost 20 MHz model with a 80x I00 mrn
(8x10 div.) screen. Irs sensitvity is ad-
justable between 5 rnv/div. and 5 V/div.
over the full bandwidth; high-sensitive po-
sitions of I mV/div. and 2 mV /div. are avail-
able up to 5 MHz.

As a digital delay generator, the four out-
puts ofthe unit may be programmed for any
interval between 0 sand 1000 s with 5 ps
resolution. The standard timebase provides
25 ppm accuracy, but I ppm is available as
an optional extra. The jitter of any output is
less than 50 ps plus I part in 108 of the pro-
grammed delay. All outputs return to their
pre-trigger levels about 800 ns after the
langest delay.
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TUNED UHF TV PREAMPLIFIER

based on a design by K.Kraus V

For the reception of weak UHF-TV signals a good antenna is, of
course, indispensable, but by itself it may not be enough. If that's
the case, the preamplifier described in this article may be just

what the doctor ordered.

IT is fairly straighttorward to couple the
antenna toa wideband amplifier, butthat

could give troubles if the weak signals to be
received are close in freguency to strang sig-
nals. Even if the amplifier is CI good-quality
type, the most likely result is a fair dose of
cross modulation and all that goes with it.
This may be prevented by making the ampli-
fier tunable aver a relatively narrow rangeof
frequencies. Even a strang transmitter in a
channel adjacent to that of the weak signal
can then be suppressed to a fair degree, but
the present preamplifier can cope only to
somedegree ifthewanted week signal is sur-
rcunded by a number of strang signals.

The circuit
Basically, the circuit in Fig. 1 eonsists of two
tuned circuits and a dual-gate MOSFET. The
signal from the antenna is fed to the MOSFET

via a tap on the input circuit, which consists
of a 30x3.5 mm stripline. This arrangement
ensures that the input impedance is 50-75 Q.
The input circuit is tuned with Cl.

MOSFET Tl is arranged as a grounded-
source amplifier in which C3 fonns the
ground connection for HF signals. The drain
impedance is formed by the second tuned
circuit, which also consists of a stripline, end
a small trimming capacitor, Cs. The gam of
Tl is a maximurrt at the resonant frequency
of thesecond tuned circuit. Cepacitor Ca pre-
vents the DC supply to the MOSFET being short-
circuited by the tuned circuit. At the same
time, inductor Lt prevents the HF signals
being short-circuited by the power supply.
The outpur of the units is taken front a tap
on the second tuned circuit to obtain an out-
put impedance of 50-75 Q.
The oc operating point, determined by

the voltage between gate 1 and the souree of
Tl, is set byR2.Owing to the spread of param-
eters of the MOSFET, the operafing point may
differ from type to type, and it may therefore
be necessary to alter the value of R2 to make
certain that the source current is about
10 mA. In the prototype, a value of 150 Q
resulted in a sourcecurrent of around 12 mA.
The value of R2 will be somewhere between
100 Q and 220 Q.

signals are processed via gate 1 only.

There are various ways of providing power
to the amplifier. lf it is mounted near the
antenna, thesupplymay beconnected via the
coaxial antenna feeder cable---see Fig. 2.
The direct voltage is applied to voltage

regulator JCl via inductor L2. The output of
the regulator is fed to the eable via the circuit
shown in Fig. 2.

lf the supply is not via the coaxial cable,
L2 may be omitted and an unregulated volt-
age applied to A

In ca se a regulated voltage of 8 V is avail-
able, Jel and Ca may be omitted. The wire
bridge between Band C must then be
replaced by one between A and B.

Technical data

Power supplyFrequency range 400-750 MHz'
400-800 MHzt
492-513 MHzBandwidth

at 'c = 500 MHz
Gain at 500 MHz
Max. attenuation outside
pass band

Output noise (measured
with Zin = Zout = 50 Q)

15 dB
about 40 dB

,;-80 dBm

• Cl, C5 = 1.5-5 pF
t Cl, C5 = 0-5 pF

Network Rl-C2 ensures that gate 2 is at
ground potential for HF signals. so that these

12 •••25V

A
CF300

.z.T
L210,,"

C4
10"---------,

I
Tl

*see text

9040n·11

Fig. 1. Circuit diagram 01the tuned UHF·TVpreamplilier.

L Q[> • " " 1O~:7"F ... --jOI1------" .~_j3 ;;
'O... 100~H

12V

904077·12

Fig. 2. II power is supplied to the preamplilier via the coaxial antenna feeder, the TV receiver and the
power supply must be connected as shown.
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TUNED UHF·TV PREAMPLfFIER

PARTS LIST

Resistors:
Rl ~ 22 k
R2 ~ 150 Q (see lext)

Capacitors:
Cl, C5 ~ 0-5 pF Irimmer

(Murala); 1.5-5 pF is
permissible (see
Technical Dala)

C2, C3, C6 ~ 1 n disk
C4 ~ 10 p'
C7 ~ 1 n'
C8, C9 ~ 330 n

Inductors:
Ll,L2~10~H

Semiconduclors:
Dl ~ lN4001
Tl ~ CF300 (Teleiunken)
ICl ~ 7808

Miscellaneous:
PCB Type 904077

• surtace mount Iype

Fig.3.Theprinled clrcuit board for Ihe preamplifier is (or rnust be)made01epoxy resin.WhenIhe board is made,rather Ihan boughl ready-rnadeIhrough our
Readers'Services,greal care should be laken in Ihe dimensioning of Ihe slriplines.

Construction and alignmenl

The preamplifier must be constructed on the
FeB shown in Fig. 3. Note that thecornponent
side is also the track side. H YOLIhave the
board made, make sure that the dimensions
of the striplines are exactly right.

Mount disk capacitors CZ, C3 and C6, fo1-
lowed by surface-mount capacitors C4 and
C7. Next, install the MOSFETbetween C2 and
C3. Solder gate 2 and the source of this tran-
sistor to the top terminal of C2 and C3 respec-
tively. Solder gate 1 and the drain to the
tracks underneath them.
Solder Rt between C2 and C3 above the

MOSFET (although Ftg. 3 shows it alongside
the translstor).

ELEKTOR ELECTRONICS OCTOBER 1990

Fig. 4. Seleclivily curve of Ihe preamplilier. Horizonlal scale
100MHzldiv;verlical scale 10dB/div.; centre of graph at 500MHz.

Next, solder the remaining components in
place. Connect R2, LI and wire bridge B-C
(or A-B: see under "Power supply") to the
top terminal of the relevant disk caparitor.
Mount capacitor CI as far away as possible
front Tl, C2 and C3 to ensure that the
screen-cehown by the dashed line--fits
neatly between them.

Then, solder a 45><20mm screen, made of
thin tinplate, in the position shown by the
dashed line.

Finally, connect the coaxial cables to the
relevant terminals and seeure them in place
with cleats as shown in the photograph of the
completed prototype board.
The alignment is pretty straightforward:

turn Cl and Cs until the wanted signal is at

maximum level and any unwanted Olles at
minimurrt level; in other words, until the pic-
ture on your TV screen and the associated
sound are at an optimum.
If the preamplifier is mounted near the

antenna, it may still be aligned as discusscd,
since the input and output impedance it
'sees' at either end of the feeder cable are
equal (at least, if everything is a11right).

Finally,a word aboutthe trinmüngeapac-
itors. The parts list shows two possible types:
the 1.5-5 pF is an inexpensive type, but its
use rrtakes tuning to the higher channels in
the UHF-TVband impossible. If operation in
rhat part of the band is required, there is no
choice but to buy the more expensive 0-5 pF
Murata type. •



TUNED UHF-TV PREAMPLIFIER
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PARTS LIST

Resistors:
R1 = 22 k
R2 = 1S0 Q (see text)

Capacitors:
C1, CS = o-S pF trimmer

(Murata); 1.5-S pF is
permissible (see
Technical Data)

C2, C3, C6 = 1 n disk
C4=10p*
C7 = 1 n*
C8, C9 = 330 n

Inductors:
L1, L2= lOf..IH

Semiconductors:
D1 = 1N4001
T1 = CF300 (Telefunken)
IC1 = 7808

Miscellaneous:
PCB Type 904077

* surface mount type

Fig. 3.The printed circuit board for the preamplifier is (or must be) made of epoxy resin. When the board is made, rather than bought ready-made through our
Readers' Services, great care should be taken in the dimensioning of the striplines.

Construction and alignment

The preamplifier must be constructed on the
PCB shown in Fig. 3. Note that the component
side is also the track side. If you have the
board rnade, make sure that the dimensions
of the striplines are exactIy right.
Mount disk capacitors 0, C3and C6,fol-

lowed by surface-mount capacitors C4 and
C7.Next, instaIl the MOSFET between C2and
C3.Solder gate 2 and the source of this tran-
sistor to the top terminal ofC2and C3respec-
tively. Solder gate 1 and the drain to the
tracks underneath them.
Solder Ri between C2 and C3 above the

MOSFET (aithough Fig. 3 shows it alongside
the transis tor).
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Fig. 4. Selectivity curve of the preamplifier. Horizontal scale
100MHz/div; vertical scale 10 dB/div.; centre of graph at 500MHz.

Next, solder the remaining components in
place. Connect Rz, Li and wire bridge B-C
(or A-B: see under "Power supply") to the
top terminal of the relevant disk capacitor.
Mount capacitor Cl as far away as possible
from Tl, C2 and C3 to ensure that the
screen-shown by the dashed line-fits
neatly between them.
Then, solder a 45x20 mm screen, made of

thin tinplate, in the position shown by the
dashed line.
Finally, connect the coaxial cables to the

relevant terminals and secure them in place
with cIeats as shown in the photograph of the
completed prototype board.
The alignment is pretty straightforward:

turn Cl and Cs until the wanted signal is at

maximum level and any unwanted ones at
minimum level; in other words, until the pic-
ture on your TV screen and the associated
sound are at an optimum.
If the preamplifier is mounted near the

antenna, it may still be aligned as discussed,
since the input and output impedance it
'sees' at either end of the feeder cable are
equal (at least, if everything is aIl right).
Finally,a word about the trimming capac-

itors. The parts list shows two possible types:
the 1.5-5 pF is an inexpensive type, but its
use makes tuning to the higher channels in
the UHF-TVband impossible. If operation in
that part of the band is required, there is no
choice but to buy the more expensive 0-5 pF
Murata type. •



INTERMEDIATE PROJECT
Aseries of projects for the not-so-experienced constructor. Although each article
will describe in detail the operation, use, construction and, where relevant, the
underlying theory of the project, constructors will, none the less, require an

elementary knowledge of electronic engineering. Each project in the series will be
based on inexpensive and commonly available parts.

Phase, phase difference and
phase shift are commonly
used terms in electronics
theory. Where an
oscilloscope or 0
vectorscope are not
available, 0 special test
instrument is required to
measure phase shift so that it
can be checked against the
calculated value. Such an
instrument is described here.

J. Bareford

THE term phase is used when describing
two or more alternating voltages of

which the frequency is equal, while their
zero-crossings occur at different instants. An
alternating volta ge crosses the zero line
when its instantaneous voltage is nought. An
example of two alternating voltages of differ-
ent phase is shown in the oscilloscope photo-
graph in Fig. 1.The phase difference is about
one sixth of the period in this case. The dif-
ference is, however, more commonly ex-
pressed as an angle because a sine-wave is
periodical, so that its period, T, may be de-
scribed as a circle, or 360°. This means that
any part of the period may be expressed in
degrees: aperiod of 0.25T, for instance,
equals 90°, 0.10T equals 36°, etc. The phase
shift between the two sine-waves in Fig. 1 is,
therefore, roughly 60°.

What causes phase shift?
Since the phase difference between two sep-
arate voltage sources is hardly ever constant
because of small frequency deviations, it
makes little sense to design a test instrument
for this purpose. The meter described here,

PHASE METER

however, is intended to locate signalchanges
that occur in a circuit. Take, for instance, an
inverting amplifier. The term 'inverting' im-
plies that the input and output signals are
180° out of phase. In some cases, it is useful
to be able to check this.
Transistors and opamps are not the only

components that can cause phase shift. Ca-
pacitors and inductors introduce a phase
shift of 90° between voltage and current. In
the case of the capacitor, the volta ge lags the
current by90° (see Fig. 2). Inductors have the
opposite behaviour: the current lags the volt-
age by 90°.
Capacitors and inductors are typically

used in filters. An example is shown in Fig. 3.
In this circuit, one would expect the output
voltage to be in phase with the current
through the capacitor, i.e., there exists a
phase shift of 90° between the input and the
output. Unfortunately, this is not so because
the phase shift depends on the frequency
(theactual relation is an inverse one). The de-
pendency is caused by the ratio of the capa-
citor's reactance to the resistor value. Since
the reactance, Xc, is inversely related to the
frequency, it is large with respect to the
(fixed) resistor value at low frequencies.
Hence, the phase difference is roughly 90° at
low frequencies, and 0° at high frequencies.

Phase difference: what it
does
In many case, the phase relation between al-
ternating voltages is of little or no import-
ance, There are, however, situations in which
the phase relation is all-important. Take the
case of two alternating voltages that are to be
added. If they are 180° out of phase, the
summing operation would result in total
cancellation of the two, i.e., an output of 0 V.
The equalizing current that fIows as a result
of this operation is wasted.
In large power plants, phase differences

Fig. 1. Two sine-waves with a phase shift
of about one sixth of the period, or about 60
degrees.
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and the resulting equalizing currents must
be kept to a minimum. Generators are, there-
fore, electrically coupled to maintain syn-
chronicity. Furthermore. many power plants
are linked by a special network, which often
extends beyond country borders.
Fortunately, problems with phase dif-

ferences in power plants need not bother us
here, and can be safely left to power elec-
tricity engineers. The stereo equipment in
your living room may, therefore, be a better
example to illustrate the importance of
steady phase relations. Since any amplifier
in the system is bound to contain a filter of
some kind, it may be expected that there is
some phase shift between the input source,
e.g., a CD player, and the output, the loud-
speaker. Evidently, it is desirable for this
shift to be roughly the same over the full fre-
quency range of the signal. If this is not so,
the sound is not perfect, particularly when
the phase differences between the left and
the right channel is large.
A final example of a circuit in which

phase shift is all-important is the oscillator,
which functions only when the amplified
output signal is fed back to the input at a
phase shift of 0°.

u

PHASE METER

u
t

896056X ·14

Fig. 3. Phase shift introduced by an R-C
network

IC5
7805

7805

o

896056X-16

Fig. 2. The voltage on a capacitor lags the
current by 90 degrees.

C~"7~C-~~--::::~16~C-~-4--==-1"6-C-~---::::·14~e5V

IC4 IC3 IC2 IC1

~~~~ ®

IC2
4046

3

4

N1...N4 = IC1 = 4030

14 IC3
4046

Cll

3

4

5

1~

896056X ·13

Fig. 4. Circuit diagram of the phase meter. The crucial part is XOR gate N3which produces a voltage as a function of the phase difference
that exists between the signals applied to the A and B inputs of the meter.
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Fig. 5. Track layout and component mounting plan of the PCB for the phase meter.

The phase meter

As illustrated in Fig. 1, a two-channel oscil-
loscope is perfect for measuring phase dif-
ferences. Unfortunately, such an instrument
is not availa b le to every one, and this is w here
a special phase meter comes in.

The circuit diagram of the two-channel
phase meter is shown in Fig. 4. The capaci-
tors at inputs A and B block any d.c. compo-
nents in the signals applied to the circuit.
Diodes Dt - D4 protect amplifiers Nt and N2
against negative or too high voltages. The
amplified signals are subsequently fed to IO
and Ia, two phase-locked loops (PLLs) that
track the input frequencies and convert them
to digital signals with a fixed duty factor of
0.5 and a swing of 5 Vpp. The low-pass filters
of these PLLs are special types to enable the
4046s to keep track of fast frequency changes
in the input signals. This important charac-
teristic is provided primarilyby the diodes in
in the network connectd to pins 13 and 9.

The actual phase comparator is formed
by a single XOR (exclusive-OR) gate, N3. The
output signal of the gate is averaged by inte-
grator network Ru-Cu. The larger the phase
difference between the two input signals, the
larger the voltage supplied by buffer IC4.
Moving-coil meter Mt, resistor R12 and
preset Pi together form a meter that indicates
the phase shift. Since the voltage indicated
by the meter lies between 0 V and the posi-
tive supply level, the circuit must be
powered from a regulated supply. A three-
terminal fixed voltage regulator Type 7805 is
used here for this purpose. The minimum
unregulated or alternating input volta ge is
9V.

COMPONENTS LIST

Resistors:
2 10MQ
2 4kQ7
2 100kQ
2 1MQ5
2 10kQ
1 1MQ
1 2kQ2
1 1OkQpreset H

R1;R2
R3;R4
R5;R6
R7;R8
R9;R10
R11
R12
P1

Capacitors:
6 10nF
2 47pF
2 47~F 63V radial
1 1~F
1 1nF
4 100nF
1 470~F 25V
1 1~F 10V radial

C1-C6
C7;C8
C9;C10
C11
C12
C13 - C16
C17
C18

Semiconductors:
8 1N4148
1 1N4001
1 4030B
2 4046B
1 CA3130
1 7805

01-08
09
IC1
IC2;IC3
IC4
IC5

Miscellaneous:
1 1 mA moving-coil meter M1

Construction and setting up

The circuit is bestconstructed on the printed-
circuit board shown in Fig. 5. First, fit the two
wire links so that they are not forgotten later.
Pay attention to the orientation of the po-
larized components (diodes, transistors, ICs
and electrolytic capacitors). Fit IC sockets for
a11ICs.

To align the meter, first remove IC2 and
IC3 from their sockets. Connect pin 3 of the
socket for IO to pin 5 (ground) via a 10 kQ
resistor. Next, connect pin 3 of the socket for
IC3 to pin 16 (+5 V) via a 10 kQ resistor.
Switch on and check that pin 1 of N3 is at
about 0 V, and pin 2 at about +5 V. The out-
put of the XOR gate, pin 3, should be at +5 V.
Since this represents the maximum phase
shift that can be measured between the two
channels, adjust preset Pt until a meter indi-
cation of 180° is obtained.

Remove the two lO-kQ resistors and fit
the two 4046s. At this stage, the circuit is
ready for fitting into an enclosure.

Although the indication range of the
meter is, in principle, limited to 180°, it is
possible to measure greater phase shifts. A
shift of 270°, for instance, is indicated as 90°
because the metercan not detect wh ich chan-
nel, A or B, was high first. •
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Fig. 5. Track layout and component mounting plan of the PCB for the phase meter.

The phase meter

As illustrated in Fig. 1, a two-channel oscil-
loscope is perfect for measuring phase dif-
ferences. Unfortunately, such an instrument
is not availa b le to every one, and this is w here
a special phase meter comes in.

The circuit diagram of the two-channel
phase meter is shown in Fig. 4. The capaci-
tors at inputs A and B block any d.c. compo-
nents in the signals applied to the circuit.
Diodes Dt - D4 protect amplifiers Nt and N2
against negative or too high voltages. The
amplified signals are subsequently fed to IO
and Ia, two phase-locked loops (PLLs) that
track the input frequencies and convert them
to digital signals with a fixed duty factor of
0.5 and a swing of 5 Vpp. The low-pass filters
of these PLLs are special types to enable the
4046s to keep track of fast frequency changes
in the input signals. This important charac-
teristic is provided primarilyby the diodes in
in the network connectd to pins 13 and 9.

The actual phase comparator is formed
by a single XOR (exclusive-OR) gate, N3. The
output signal of the gate is averaged by inte-
grator network Ru-Cu. The larger the phase
difference between the two input signals, the
larger the voltage supplied by buffer IC4.
Moving-coil meter Mt, resistor R12 and
preset Pi together form a meter that indicates
the phase shift. Since the voltage indicated
by the meter lies between 0 V and the posi-
tive supply level, the circuit must be
powered from a regulated supply. A three-
terminal fixed voltage regulator Type 7805 is
used here for this purpose. The minimum
unregulated or alternating input volta ge is
9V.

COMPONENTS LIST

Resistors:
2 10MQ
2 4kQ7
2 100kQ
2 1MQ5
2 10kQ
1 1MQ
1 2kQ2
1 1OkQpreset H

R1;R2
R3;R4
R5;R6
R7;R8
R9;R10
R11
R12
P1

Capacitors:
6 10nF
2 47pF
2 47~F 63V radial
1 1~F
1 1nF
4 100nF
1 470~F 25V
1 1~F 10V radial

C1-C6
C7;C8
C9;C10
C11
C12
C13 - C16
C17
C18

Semiconductors:
8 1N4148
1 1N4001
1 4030B
2 4046B
1 CA3130
1 7805

01-08
09
IC1
IC2;IC3
IC4
IC5

Miscellaneous:
1 1 mA moving-coil meter M1

Construction and setting up

The circuit is bestconstructed on the printed-
circuit board shown in Fig. 5. First, fit the two
wire links so that they are not forgotten later.
Pay attention to the orientation of the po-
larized components (diodes, transistors, ICs
and electrolytic capacitors). Fit IC sockets for
a11ICs.

To align the meter, first remove IC2 and
IC3 from their sockets. Connect pin 3 of the
socket for IO to pin 5 (ground) via a 10 kQ
resistor. Next, connect pin 3 of the socket for
IC3 to pin 16 (+5 V) via a 10 kQ resistor.
Switch on and check that pin 1 of N3 is at
about 0 V, and pin 2 at about +5 V. The out-
put of the XOR gate, pin 3, should be at +5 V.
Since this represents the maximum phase
shift that can be measured between the two
channels, adjust preset Pt until a meter indi-
cation of 180° is obtained.

Remove the two lO-kQ resistors and fit
the two 4046s. At this stage, the circuit is
ready for fitting into an enclosure.

Although the indication range of the
meter is, in principle, limited to 180°, it is
possible to measure greater phase shifts. A
shift of 270°, for instance, is indicated as 90°
because the metercan not detect wh ich chan-
nel, A or B, was high first. •
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I
400-WATT LABORATORY POWER

SUPPLY

PART 1: CIRCUIT DESCRIPTION

Here is an all-purpose d.c. power supply tor symmetrical as
weil as asymmetrical use, and capable ot supplying high
output currents and voltages. An all-analogue design
based on discrete parts only, this 400-watt PSU deserves a
prominent place on your work beneh.

G.BOddington)(

The problem with power supplies in an elec-
tronics laboratory or workshop is that their
application range is often limited because of
their specifications. Any one who has been
involved in practical electronics will admir
that finding a suitable power supply for a
particular test is not at all easy, when none
01 the available ones (say ±15 V /2 A, 0-
60 V/100 mA and 5 V/10 A types) seem to
be fully geared to the job. Obvtously. what is
needed is a supply that combines the most
frequently used voltage and current rattngs,
both symmetrical and asvmmetrical, while
offering a properly operating overload pro-
tection.

Although the user manual with many an
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inexpensive, ready-made powersupply will
confidently inform you that the power tran-
sistors are proteered against overloads, this
type of proteetion has an inherent disadvant-
age. True, thesupply will happilysupply the
maximurrt outpur current at the maximum
output voltage, but it will typically shut
down the moment the voltage is reduced just
one volt or so. The reason is clear: the over-
load proteetion is actuated because the extra
dissipation, whieh is the produet of the out-
put current and the voltage difference aeross
the series transistors, exceeds the eooling ca-
pa city of the heat-sink, or the power rating
of the (expensive) series transistors.

The present power supply puts an ell~ to

MAIN SPECIFICATIONS

• Mode: Single
one adjustable power supply with cur-
rent and voltage controls.
Output: 0- 40V at 0- 5 A

• Mode: Independent
two identical, electrlcally separated,
power supplies.
Outputs: 2 x 0 -4 0 v at a x 0- 5 A

• Mode: Tracking
two identical, series connected,
power supplies.
Outputs: ±0-±40V .tO-5 A

0-80VatO-5A
Voltage and current of slave follow
master.

• Mode: Parallel
two identical, parallel connected,
power supplles.
Outputs: 0.6- 39.4 Vat 0- 10A

Maximum output
voltage: 40 V (at full load)

48 V (no load)

Maximum output current: 5 A

Ripple: 10 mV (no load)
50 mV (at fullioad)

Voltage difference in
tracking mode: 50 mV
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these problems. It can be set up to supply
either2 x 40V/2 xO-5A, ±0-40V /0-5 A,
or 0 - 80 V/0 - 5 A, and is capable of sup~
plytng the maximum outpur current at low
voltage settings. Special Ks or nucro-
processors are not used: just straightforward
analogue electronics based on readily avail-
able components. The result Is apower sup-
ply with an excellent price/perfonnance
ratio.

Block diagram
The instrument consists of two identical,
electrically isolated, power supplies, which
may be connected in a number of ways to
givedifferentoperatingmodes. Theblock di-
agram in Fig. 1 shows relatively many func-
tional blocks, which together form three
partly 'Interwoven' regulating circuits. The
first of these, the outer circuit, is a transfor-
mer preregula tor that serves to keep the volt-
age drop across the series transistors (T4-Ts)
constant at about 10 V, so that the maximum
dissipation remains smaller than 50 W (or
25 W per transistor), The other two regula-
tion circuits are for the output voltage (LI)
and current W. These circuits are almost
identical, the only difference being that the
current contro! obtains its control informa-
tion from aseries resistor, and the vo!tage
contro! from a potential divider fitted across
the outpur terminals. In contrast to the trans-
formerpreregulation, the U and J control cir-
cuits allow the range of the regulating action
to be adjusted manually. lnterestingly, the
sertes transistors, T4 and Ts, function in all
three regulation circuits.
The block diagram shows a seeond

power supply, which provides auxiliary
±12 V rails for use in the main cireuit. The
ground line of this symmetrical supply is
conneeted to the positive outpur terminal of
the main supply. This means that all refer-
ences to '+12 V' end '-12 V' in the following
text, and in the circuit diagram. are actually
'+12V and -12 V with reference to the posi-
tive output terminal'. The auxiliary power
supply also funetions as a voltage referenee.
Finally, the block marked 'current limit'

stands for a circuit that keeps theoutput eur-
rent of each supply below 5 A. This circuit
may be fitted with an optional tcmpcraturc
monitor to prevent overheating.

Thepreregulation circuit
The bastc operation of the preregulation cir-
euit is best explained with refereneeto Fig.2.
The eurrent flows from the positive eonnec-
tion of the bridge rect:ifierto the positive out-
put terminal via two parallel-connected
darlington transistors, T4 and Ts, and resis-
tors R13,R14and R18.The regulation circuit
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tries to maintain a eonstant drop of 10 V
aeross the series transistors and their emitter
resistors, Transistor Täisdriven via potential
divider R1S-R16 and network C24-R17.The
network introduces a small delay to elimi-
nate the effeet of noise spikes in the preregu-
lation. The current through the LED in
optocoupler ICs is inversely proportional to
the voltage across RIS-RI6.
The power fed tomains-conneeted ohmic

loads is relatively simple to control. UsuaJ.ly,
an adjustableR-C network connected across
the mains terminals supplies the trigger volt-
age for a triac. The timing of the trigger (or
firing-) pulse with respect to the start of the
half-cycle is determined by the R~C delay.
After bemg fired, the triae conducts until the
mains voltage drops to a level below the

Fig. 1. Block diagram 01 the power supply. The design is based on three interactive centrot
circuits: (1) transformer preregulation, (2) current contro I and (3) voltage centrot.

12V

TR 1

Iransformer
preregulatlon

rcs

900082 -12

Fig_ 2_ Basic diagram of the circuit that centrote the transformer preregulation.

minimum hold eurrent. This happens elose
to the zero-erossing. The triac remains
blocked until it reeeives another trigger
pulse at a particular phase angle during the
next half-cycleof themains voltage. The CUI-
rent supplied to the load is inversely related
to the phase angle, i.e.. to thedelayofthe trig-
ger pulse following the zero-crossing. This
principle of phase-angle contral works as
long as voltageand current are in phase, i.e.,
as long as the load is a pure resistance.
Unfortunately, the mains transformer in

the power supply fonns an inductive rather
than an ohmie load, so that themains voltage
and the load eurrent are outof phase. Hence,
a simple 'dimmer' with conventional triac
control as described above will not da as a
preregulation circuit. With an inductive
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load, it may happen that although the instau-
taneous voltage is high enough to fire the
triac, there is no current to 'hold' the device.
Therefore, the firing may take place only
when the load current is sufficiently high to
keep the triac conductive. However, since
the load current in apower supply is vari-
able, the phase shift between voltage and
current Is also variable. This means that the
width of the trigger pulse rather than the po-
sition must be controlled. lf the pulse were
simply shifted, the result would be an asym-
metrical outputcurrcnt with a high d.c. com-
ponent, causing rapid saturation of the
transformer winding. When the pulse is
stretched, however, due care must be taken
to prevent it from extending over the zero
crossing of the mains voltage.

The circuit secnon in Fig. 3 stretches the
first pulse by means of pulse sequence trig-
gering, an approach which is particularly
suited to applications with load currents that
are prone to variation. The R-C network con-
nected between the live and neutrallines of
the mains serves to delay the trigger instaut.
The network consists of Cl, potential divider
R29-PI-R3o (brauch 1), series resistor R.31and
bridge rectifier D20--D23(branch 2). The com-
bination of the bridge reetifier and the opto-
coupler it powers simply forms an
adjustable resistor for alternating voltages.
so that both branches have the same func-
tion: making the trigger delay. $, variable
(see Fig. 4a). The basic delay is determined
by P1.

When the power supply is switched on,
Cl is charged. When the trip voltage of the
diac is reached, both Di1 and Trit are fired.
When a trigger rurrent flows from Cl tc Trij,
resistor R.32 drops a voltage which is high
enough to trigger a smaller triac, Triz. The re-
sult is that the discharge time is no longer
determined by the two branches, but by
(R33+R29)CI.When Cl can no longer supply
the hold current for Triz-c-which happens
fairly quickly because of the sma11 resistors
R.33 and Rzs-c-the triac blocks and Cl charges
again. This sequence is repeated until just be-
fore the zero-crossing, when the mains volt-
age can no Ionger charge Cl (see Fig. 4a). The
waveform across the thyristor is shown as a
dashed Iine in Fig. 4b. Figure 4c, finally,
shows the waveform of the current shifted
by an angle o as a dashed line, and thewave-
form produced by the dimmer as asolid line.
Asymmetry of the waveform occurs during
the first half-cycle only. The triac conducts
up to instant 'B', when the load current falls
to zero.
The function of the remaining parts in

this section of the circuit ts quickly ex-
plained: the zener diodes limit the voltage
across Triz to about 66 V whilst providing a
stable reference voltage for the trigger cir-
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Fig. 3. Circuit diagram of the transformer dimmer. The trigger delay is controlled by the
circuit in Fig. 2 via an optocoupler, ICS, and an adjustable bridge rectifier, 020-023.

cuit. Components 012, DI3, 014, R27 and R28
ensure that Cl discharges du ring the zero-
crossing. Inductor L1 serves to eJiminate cur-
rent surges and thus prevent HF
interference. Network Cl-RH short-circuits
spikes genera ted by the switching sequen-
ces, a.nd so prevents erroneous triggering.

set between ground (the positive outpur ter-
minal) and -12 V. A second potential
divider, R7-R8, at the outpur terminals sup-
plies about 20% of the output voltage. i.e.,
about 0 to -9 V (with respect to the positive
output terminal). The voltages supplied by
the two potential dividers ere compared by
opamp JC4, which, with theaid of Te-Ts. will
attempt to keep the voltage difference be-
tween its two inputs as small as possible.
When a lugher output voltage is required,
the wiper of potentiometer P3 is turned to-
wards the-12 V potential. The voltageat the

Voltage and current control
Theoperation of the voltagecontrol circuit is
illustrated in Fig. 5. Potential divider P3-R.9
allows a reference voltage ofO to -10 V to be
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non-inverfing input of IC4 drops, so that the
outpur voltage of the opamp rises. Conver-
sely,when a lower output voltageis seteither
by the user turning P3, or by the actuation of
the voltage Iimiting circuit, the inverting
Input is at a lügher potential than the non-in-
vertinginput,so that theopamp output volt-
age drops.
The current control circuit (Fig. 6) oper-

ates in a similar mannet. Like IC4,opamp IC3
will attempt to keep its outpur voltageatO V.
The main difference with the voltage contral
circuit, however, is that the reference voltage
for the opamp (applied to the non-inverting
Input) is permanently grounded via Rt,
while the current is measured as the drop
(rnax. 1.1 V) across series resistor R18. Poren-
tiaIdivider P2-R.3is arranged so that its junc-
tion earries a voltage between -1.1 V end
+1.1 V with respeet to the positive output ter-
minal. When no eurrent flows through R18,

the positive side of P2is at ground potential.
When P2 is advanced to the5-A position, i.e..
to its full resistance of 2.2 kil, the inverting
input of lC3 is at a voltage of -1.1 V. Conse-
quently. the voltage at the opamp outpur
rises.
When a current of 5 A flows, Rta supplies

1.1 V. When P2 is turned to the otherextreme
position (i.e., a resistance ofO .0), the voltage
at the inverting input is lugher than timt at
the non-inverting input, so that the opamp
output voltage drops.
As shown by Hgs. 5 and 6,and also by the

complete eireuit diagram in Fig. 7, the an-
odes of D8and 024 share a common eonnec-
tion, R23, where the opamp outputs of the
current and voltage control circuits are
joined. This means that the opamp that sup-
plies the lower output voItage determines
the base vol tage of the eurren t booster, T4~Ts.
Resistor R2.3 serves to hold the bases of Te-Ts
at about +11.5 V. Diodes D7 and D9 decouple
the opamp outputs, preventing current from
flowing between them. One of the series-
connected LEOs lights when the voltage at
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Fig. 4. lIIustrating the basic operation of the dimmer for inductive loads, applied here for
the purpose of transformer preregulation. Fig. 4a shows the position of the trigger pulses
with respect to the mains voltage. The voltage across triac Tri1 as compared to the mains
voltage (dashed line) is shown in Fig. 4b. Fig.4c, finnaly, shows the current shifted by an
amount of tp, without (dashed line) and with (solid line) phase angle centrot.

the associated opamp output drops to a level
below 11.5 V minus two diode voltages (D24-
07 OT D8-(9). This happens when the rele-

vant limiter (current or voltage) starts to
operate.
During the switching-on sequence the
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Fig. 5. Basic voltage control circuit. Fig. 6. Basic current control circuit.
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Fig. 7. Circuit diagram ofthe laboratory power supply. Two of these circuits are required for the parallel, series and symmetrical modes.

circuit around T2 keeps the series transistors
off until the zener voltage of D6 is reached.
This happens when the negative supply
voltage of the opamp is sufficiently high. In
this way, the voltage peak at switch-on is
limited to about 2.5 V above the set output
voltage, which is available after a few milli-
seconds. Although the switch-on peak is not
Hkely to cause damage to most equipment
powered by the supply, it is recommended
to first switch on the PSU and then connect
the load.
The current limiting function of the PSU is

ELEKTOR ELECTRONICS OCTOBER 1990

provided by the circuit in Fig. 8. As long as
the pre-regulation circuit operates correctly,
there exists a constant voItage difference
aeross T4-R13 and Ts-R14. In a fault condition
of any kind (overcurrent, overvoltage), Tl is
switched on via potential divider R19-R:W.
This reduces the base voltage of the darling-
ton transistors, so that the output current is
limited. To implement a combined cur-
rent/temperatureoverload function,replace
resistor R20 by a 1OO-kQNTC (negative tem-
perature coefficient) resistor which is bolted
on to the heat-sink, elose to T4-T5. 0

900082·18
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Fig. 8. Basic layout of the current llmlter.



:[TIONS CORRECTIONS CORR~
400-watt laboratory power
supply
October 1989 and November 1990
A number of constructors of this popular
project have brought the following problems
to our attention.

1. The onset point of the current limit cir-
cuit lies at about 3 A, which is too 10w. Solve
this problern by repladng TI with a Type
BC517 darlington transistor, and R20 with a
82kQ restetor.

2. Depending Oll thecurrent transfer ratio
of the optocoupler used, the trans former
produces ticking noises. This effect, which is
caused by overshoot in the pre-regulation
circuit, may be traced with the aid of an 05-
cilloscope monitoring the voltage across C26
at a moderate load currcnt. The capacitor
must be charged at each cycle of the mains

frequency I and not once every five cycles.
The problern is best solved by reducing the
amplification of the regulation circuit. Re-
place RI7 with a 39 kQ resistor, and create
Feedback by fitting it between the base and
the coUector of T3. Also add a resistor in
series with the optocoupler. These two
changes are illustrated in Pigs. 1 and 2.
Lower R16 to 10 ill, increase C24 to 10 IlF,
and increase Rl5 to 270 kQ.

3. Excessive heating of the transformer is
caused by a d,.c. component in the primary
winding. This is simple to rernedy by fitting
a cepacftor of any value between 47 nF and
470 nF, and a voltage rating of 630 V, across
the primary connections. This capacitcr is
conveniently mou.nted on to the PCS termi-
nal block that connects the tmns formet to the
mains.
4. One final point: when using LED

1

original

+ 12V

."
."
220.

'~
~ IC5

2 ~ CNY17-2

."
270.

mOdJli"d

... 1 ~~ KJ5
2 ~CNY17.2

Y--O--J

2

OVMs for the voltage/current indicatiou,
their ground line must be connected to the
positive terminal of Cu.

Hard disk monitor
December 1989
In some ca ses, the circuit will not reset
properly because the CLEARinput of IC3A is
erroneously connected to ground. Cut the
ground track to pin 3 of TC3,und use a short
wire to connect pin 3 to pin 16 (+5 V).

Microprocessor-controlled
telephone exchange

October 1990
In some ca ses, the timing of the signals ap--
plied to ICl7 causes a latch-up in the circuit,
so that the exchange does not detect the state
of the connected telephones pmperly. Solve
this problem by cutting the track to pin 1 of
ICI7, and connecting pin 1 to ground (a suit-
able point is the lower terminal of C6).
The text Oll the fitting of wires on the

BASIC computer board (page 19, towards
the bottom of the right-hand cclurnn) should
be modified to read: 'Finally. connect pin 60f
K2 to pin 70110 (Y7 signal).'

5-VHS/CVBS-to-RGB
converter (2)

Ocreber 1990
The capacitor marked 'C37', next to R2·1Oll
the component overlay (Pig. 7b and ready-
made printed circuit board), should be
marked 'C39'.

In case they are difficult to obtain locally.
inductors type 119-LN-A3753 (LI) and 119-
LN-A5783 (U) may be replaced with the re-
spective types 119-ANA-5874HM and
119-ANA-5871 HM, also lrom Toko, lnc.
Suggested suppliers are Cirkit Distribution
Ltd., and C-I Electronics.

EPROMsimulator
December 1989
Counters 10 and IC4 may not function
properly owing to a too low supply voltage.
This problern may be solved by replacing
ren with a 7806. Alternatively, use BAT85
diodes in positions 01 and 02.

Programmer for the 8751
November 1990
The ready-programmed 8751 for this project
is available at E3S.25 (plus VAT) underorder
number ESS 7061, not unde.r order number
ES55951 as stated on the Readers Services
pages in the November end December 1990
issues.
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I
MEDIUM POWER A.F. AMPLIFIER

by T. Giffard X.

For the many readers who do not need hundreds of watts output
from their audio hi-fi installation here is a modest 60-watt a.f.
amplifier that is a match for even the best quality loudspeakers.
Loads down to 2 ohms may be driven without any problem and
with very low distortion. The design is entirely symmetrical and,

apart from an input capacitor, direct coupled.

W HAT should be the power rating of
adomestic hi-f installation? Twenty

watt/50 watt, 200 watt? It is a vexed question
that will never be answered to the satisfac- Symmetrical design
tion of every hi-fi buff. Psychology may play
Cl role here, too: the difference in sound
pressure between a 20-watt and Cl 200-watt
system is only (!) 10 d Band that
sounds a lot less than the differ-
ence of 180 watt in output pow-
ers. Be that as it may, a continu-
aus power ofSO-70 watt is more
than adequate forat least 95% of
a11 domestic hi-fi installaticns.
Ws far better to have a good-
quality 50-watt system than a
mediocre200-watt one. Readers
who take music reproduction
seriously will, 110 doubt. have
found this out themsel ves a
long time ago. Having said that,
it is admitted that there are a
few, and fortunately only a few,
loudspeakers that need at least
a hund red watts to eome to live.
Go toalmost any hi-fi retailer

and ask for a good-quality,
medium power (say, 50 W)
amplifier and you'Jl find that
there are not many if any. Until
recently, the quality of alm ost a11
proprietary power amplifiers Music power
was in direct proportion to their
power rating and that is the rea-
son that many people buy a sys-
tem with too high a power out-
put for their requtrements.
Fortunately, some clever manu-
faeturers have realized this
anomaly and are doing some-
thing about it,so that amplifiers
rated at 50-70 watt with a good
specification are slowly becom-
ing available. Nevertheless, we
feit that a good-quality design
for theenthusiastic D1Y-erwould
be a welcome addition to the
coupIe of high-quality pream-

signal-to-noise ratio of not less than 100 dß
at 1 W, harmonie distortion of not greater
than 0.006% (8 Q/50 W) and a slew rate of
30V/~s.
lf you imagine a horizontalline through

the centre of the simplified circuit diagram
in Fig. 1, the part above that line Is a mirrar

Image of that below the line
Ognoring the oe correction and
protection circuits).

The active IX correction cir-
cuit ensures that in no circum-
stances will direct voltage
'appear at the output, which is
important in view of the direct
couplieg between aIl stages.

The proteetion circuit pro-
vides a delay on power-on,
rnonitors whether there is any
direct voltage at the output. and
measures the current that is
drawn by theoutputtransistors.
A mechanical relay is used,
because we could not devise an
electronic switching method
that would satisfactorily limit
the current without audible
side-effects.
Although the design cannot

be called revolutionary, we feel
thatparts of it are pretty original
and combine some of the
advanteges of a number of
other; standard designs.
The open-Ioop gain has been

kept 10w, so that the arnount of
feedback can be kept small,
which is all to the good of the
overall quality. After aIJ, the var-
iDUSstages then need. contribute
a smaller part of the overall
amplification. which helps in
keeping the distortion in each
stage very small.
The input is formed by a dif-

ferential amplifier, T1-Ts, whose
gain is Iimited to about 40 dB.
The input transistors are cou-

plifiers we have published over the past few
years.

Top priority in the design of theamplifier was
quality, and this has resulted in a unit with a

TECHNICAL DATA
(Power supply 225VA; buffer capacitor 20 000 IlF per line)

Continuous power
(THD = O.t%)

60Wint08Q
110W into 4 Q
170W into 2 Q
200W in to 2 Q
(1 kHz; 20 ms on, 80 ms off)
50W/8Q 100W/4Q 150W/2Q
<0.0006% <0.008% <0.01%
<0.006% <0.008% <0.01%
<0.015% <0.025% <0.06%
<0.013%(1-50 W into 8 Q at 1 kHz)
<0.05%(1W into 4 Q at 250 Hz-4 kHz)
>30 V/IlS (with input filter)
15 A
>100dBatl W
<0.02Q at 100Hzand 1 kHz
<0.04Q at 10kHz
47kQ
1 V r.m.s.
100mA (nominal)

Harmonie distortion
100 Hz
1 kHz
10 kHz

Intermodulation distortion

Siew rate
Peak output current
Signal-to-noise ratio
Output impedance

Input impedance
Input sensitivity
Quiescent current
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pIed to another pair of differential
amplifiers, T2 and T6 respectively,
whose gain is about 27 d B. These
are followed by controlIed cur-
rent sources T9 and T10. Setting of
the quiescent current for the out-
put stages is provided by a vari-
able zener diode consisting of
three transistors, wh ich are con-
nected between the collectors of
T9 and Tl0.

The output stages consist of
drivers Tra and T17, and twopairs
of three parallel-connected
power transistors, each forming a
super emitter foliower.

Choice of
components

MEDIUM·POWER A.F. AMPLIFIER

In a symmetrical design, equalityof the tran-
sistors in the input stages Is of para rnount
importance. In our first design, self-paired Be
transistors were tried, but these gave prob-
lems, particularly with thermal stability. It
was therefore decided to use proprietary
dual transistors, although these are rather
more expensive. However, ta king into
account the necessary reliability of reproduc-
tion of the destgn. and looking at the near-
perfeet parallel operation of the dual transis-
tors and their excellent thermal behaviour,
the expense is weil worth it.

Some of the problems a designeroften has
to cope with are concerned with the avail-

ability ofcomponents. The outpur transistors
in the present design are a typical example.
Although they were listed as standard types
in a Philips catatogue. the ones we ordered
had not been delivered six months later in
spite of numercus telephone calls. Perhaps
this explains why Philips has not been doing
too weil oflate. In theend, the order wascan-
eelled and replaced by Olle Ior SGS- Thomson
devices (delivered in a few weeks). These are
in most respects as good as the Philips types
but lack somewhat in bandwidth, although
in the prototypes that was not noticeable. On
theother hand, thecharacteristics of the eOI11-
plementary n-p-n and p-n-p types are for all
practical purposes identical.

,-~------------,-~------~--~----~--~--~----~. Ub
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Q
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Fig. 1. The simpli1ied eireuit diagram 01the ampli1ier elearly shows the symmetrieal design.
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The final design

The input of the amplifier-e-see
Fig. 2-is protected against
direct voltages by capacttors Cl
and Cz, which may be omitted if
the preamplifier to be used
already has a capacitor at its out-
put. Be careful in furure when
connecting a different preampli-
fierwhich may not havea capac-
itor at its output.
The input capacitors are fol-

lowed by a low-pass filter, Rt-
C3. This network limits the
bandwidth of the input signal to
obviate any transient intermod-
ulation distortion (TIM).The cut-
off frequency of the filter is

about 180 kHz, assuming that the outpur
impedance of the preamplifier is 50 Q.

Dual transistors Tl and rs form the sym-
metrical input stage, which is controlIed by
current sources T3 and T7. The current
through each of the dual transistors is set at
just above 1 mA. The gain of the differential
input amplifiers is determined by the ratio
of the values of their collector and emitter
resistors. Networks Rs-C6 and R14-C7 set the
open-Ioop bandwidth at 500 Hz.

The second stage consists of dual transis-
tors T2 end T6, which are controlled by cur-
rent sources T4 and T8. This stage not only
provides 27 dB gain, but als impedance
matching between the Input stage and the
following current arnplifier.

Current sources T4 and T8 use LEDS to
obtain a voltage reference. Bear in mind that
these diodes have a potential drop of about
1.6 V across them.
The quiescent current through current

amplifiers T9 and 1'10 is some 20 mA. This
level of current is necessary to ensure that
drivers Tu and Tl7 provide sufficientcurrent
in all circumstances. The amplification of
these amplifiers is determined by the value
of their emitter resistors and the input
impedance of TB and T17.
The collectors of the current amplifiers

are intercoupled via a presettable 'zener'net-
work, which serves to set the quiescent oper-
ating point of the output stages. This net-
work normally consists of jusr one transistor,
but it was fOW1d that the thermal behaviour
of this was not sufficient to compensate the
thermal conduct of the output stages correct-
Iy and quickly enough. The three transistors
finally chosen work almost perfectly and
have the further advantage that they form a
virtually ideal current source wh ich ensures
that current variations through thern hardly
affect the zener voltage.

The drivers and associated power tran-
sistors are, of course, of the same type. Three
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output transistors instead of one make for
moreefficient cooling; moreover; low- power
transistors normally have better electrical
properties than high-power ones.

A Boucherot-type network, R46-C16, at
the outputensures that theamplifier remains
adequately loaded at high frequencies.
Inductor LI limits the rise time of the output
signal when the load is capacitive. This
results in slightly less damptng at high fre-
quencies, but even so the damptng factor at
10 kHz and an output impedance of 8 n
remains greater than 100.

Feedback is provided via resistors R17
and R18, and an important role in this is
played by IX correction circuit TCl. Since the
feedback loop does not include coupling
capacitors. direet voltages at the input are
amplified to the same degree as AC signals.
Owing to the slightly asymmetric setting of
the direet voltages at the differential input

stages, which is unavoidable because of dif-
ferences between n-p-n and p-n-p transistors
and also in base resistance, it is essential that
the outpur voltage of the amplifier is kept at
o V, and this is effected by Je1.

The output of the amplifier is applied to
integrator lei via lew-pass filter R60-C23.The
supply for the integrator is derived from the
main 36-V supply with the aid of resistors
R63 and R64, and zener diedes D10 and DI1.
The proteetion eircuit is formed by tran-

sistors T21-T26. When the supply is switehed
on, T26 is off so that bistable TZ4-T25 is reset,
which results in T25 being switched on.
Transistor T26 cannot eonduct until its base--
emitter voltage is high enough and this does
not happen until C2l has been charged via
RS8.It is this actton that delays the actuation
of the amplifier,

Onee T26 is switched on. relay Rer is euer-
gized and diode Dz Iights to indicate that all

2x 25V
'OA

BYW64
MDA3504

.---+--+-{+ 30 ...36V

2x 25V
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~ ~~~o

4x 10000101
50V
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Fig. 3. Two possible power supplies: the one at the top is tor a monaural amplitier, while the one below
is a single supply intended for a stereo amplifier.
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MEDIUM-POWER A.F. AMPLIFIER

is weIl.
Transistor T21 monitors the output cur-

rentof theamplifier by measuring thepoten-
tial drop across the emitter resistors of T16
and T20 via voltage divider R47-R48. If that
current exceeds 5 A (that is, a total current
throught the three Oll tpu t tra nsistors of 15 A),
T21 switches on which results in bistable T24-
T25 toggling alter which the relay is deener-
gized within 5 ms.

Any direct voltage at the output is mea-
sured via lew-pass filter R49-Rso-C18-C19. lf
thereisa direct voltageata level of more than
1 V,Tu will switch on of the voltage is neg~
ative and T23 if it is positive. Again, the relay
is deenergized via the bistable.

When the relay Is denergized owing to
too high a current or voltage, it will remain
so until the supply is switched off. When,
after a few seconds, the supply is switched
on aga in, the relay will be energtzed if the
fault eondition has been removed.

The nominal supply voltage is 2x30 V,
which may rise under no-load conditions to
2x37 V. Each amplifier may have its own
power supply, but it is, of course, possible to
power a stereo system (two amplifiers) from
one supply only as discussed below.

Power supply
In principle, there are three ways of provid-
ing the amplifier with power: a single supply
for a monaural amplifier; a stereo amplifier
with an Independent supply for each ampli-
fier: and a stereo amplifier with a single sup-
ply. The first two obviously provide the best
possible channel separation.

The circuit of apower supply for a
monaural amplifier Is shown in Fig. 3a. The
mains rransfcrmer specified provides suffi-
cient power to allow the amplifier delivering
continuous power into a 4 n load. lt was not
thought necessary to specify it for continu-
ous power into 2 n. After all, the nominal
resistance of many loudspeakers is 4 n,
although there may be dips to 2-3 n.
However, the electrolytic capacitors have
sufficient capacitance to ensure adequate
current during peaks in music reproduction.
This explains why a total capecitnnce of
40 000 ~F is specified.

The single supply for a stereo amplifier
-see Hg. 3b-has a lugher rated mains
transfonner. For normal use, a 6-A type will
suffice. Howevcr, if low-impedance loud-
speakers are used, it is better to use a 10-A
type.

Theelecrrolytic buffer capa ci tors are 50- V
types; if these cannot be obtained, 63· V types
may be used, although these are somewhat
larger.
The construction of the amplifier will be

described in next month's issue. •
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DUBBING MIXER EV7000
PART 1 CONNECTION AND CIRCUIT DESCRIPTION

This sound mixer, designed and marketed as a kit by ELV, allows a
variety of fading, sound dubbing and voice-over effects to be

realized. The voice channel can override the music channel either
automatically (by voice control) or manually. A total of fourteen
controls and two toggle switches bring out all features of this

easy-to-operate unit.

A dubbing mixer like the EV7000 is often
used at parties and film or slide pres-

entations, when CI voice channel occasfonally
overrides the(background) music to provide
announcements or comment. A srnooth trau-
sition between the music and the voice chan-
uel requires a fader such as theonedescribed
here. To preventdifferentsound qualitieson
the music and the voice-over, the EV7000has
separate tone controls for each channe!. In
addition, separate volume and balance C011-

trols are provided.

Operation and controls
As shown by the above photogreph. all indi-
eators and contral elements of the dubbing
mixer are arranged on the front panel. The
input and output connectors are located on
the rear panel.
Before it is taken into use, the dubbing

mixer is connected to the power supply and
the available audio equipment. A small
mains adapter with an output of 12 V at
about 300 mA is connected to the 3.5-mm
adapter socket on the rear panel. The 'Mir
On' and 'Line on' LEDs on the front panel
light to indicate that the mixer ts on.

The dubbing mixer is best connected be-
tween the preamplifier and the power am-
plifier. The stereo outpur signal supplied by
the preamplifier is connected to the phono
(RCA-type) input sockets on the rear panel
of the dubbing mixer. The outputs of the

mixer are connected to the Inputs of the
power amplifier. When a mono preamplifier
is used, its outpur signal is fed to the left
input channel of the dubbing mixer, while
the right Input channel is not used.
The dubbing mixer has an internal ampli-

L

Fig. 1. Block diagram of the dubbing mixer.
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Fig. 2. Circuit diagram of the dubbing mixer. The central parts are two audio signal processing tce Type TDA1524A (IC2; IC3).
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fier capableof handling Input levels between
about 50 mVrms and 1.7 Vnus, so that vir-
tually any (Iine-) signal souree can be COI1-

nected.
The stereo output signal of the dubbing

rnixer has Cl. maximum level of about
1.7 Vrms, and can be set to the required vol-
ume within a range of 100 dB. This allows
the mixer to drive almost any type of power
amplifier.
The mixer has two parallel-connected

microphone input sockets: one for a 3.5-mm
jeck plug and one for a DlN plug.

The controls on the front panel are aT-
ranged into three areas, marked by white
lines. Much of what follows below on the
basic operation of the mixer 1Sillustrated by
the block diagram in Fig. 1.

The controls for the rnicruphone channel
are located in the top left-hand area on
the front partel. The LEO at the extreme
left indicates the peak microphone level.
The tone and volume controls are only
effective for the mierophone ehannel.
The toggle switch marked 'function'
allows three different modes to be se-
lected:
- 'off to disable the microphone chan-
nel;
- 'on' tc enable the nucrophone chan-
nel;
- 'auto' to enable the automatic voice
contral (VaX) function. When selected,
this function provides an au tomatic
fade-in when a certain (preset) micro-
phone level is exceeded. The micro-
phone 1Sfaded out automatically when
its signal level drops below the preset
level. The state of the vax is indicated
by the 'Mic on' LED.
The controls for the line channel are
found in the lower left-hand area on the
front partel. The four LEOs at the Jeft are
used as level indicators for the two out-
pu t ehannels. The 'Pe' (peak) LEDs
should preferably remain off, while the
'OK' LEOs light when the signals are at
a sufficiently high leveL The minimum
reeommended signal level is indieated
by the 'OK' LEDs flashing irregularly.
Like the microphone ehannel, the line
channel has separate tone controls and a
level control. marked 'background'. The
latter sets the background level of the
music signal while the voice channel is
actuated. When set fully counter-clock-
wise, the music is totally suppressed
during the voice-over.
The 'Line on' LEO indicates the fade-in
and fade-out actions. The intensity at
which the LEO lights is a rough indica-
non of the background music level dur-
Ing the voice-over. When the LEO lights
at its full intensity, the music channel is

at maximum level, i.e., the micraphone
channel is off.
The basic functions are set by the COI1-

trols in the right-hand area on the front
panel. The 'Mic gain' potentiometer
determines the amplifica tion in the
microphone channel. lt should be set to
a position at which the microphone stg-
nal Is loud enough when the 'Mic level'
contral is in the last one-third of its travel.
The toggJe switch marked 'Mir filter'
allows the low side of the frequency
range to be limited to ebout 200 Hz. This
mode is particularly suited to the sup-
pression of floor noises. rumble end
other low-frequency interference. When
the filter is switched off the frequency
range starts at about 20 Hz, which makes
the microphone ehannel usable even for
music signals.
The 'trigger level' contral sets the thre-
shold of the previously mentioned vax
function. Turning this control clockwise
results in a higher switching threshold,
i.e., a higher microphone signal level at
which the dubbing mixer switches to
voice-over. The 'trigger level' control is,
however, enabled only when the 'func-
tion' switch is set to the 'auto' position.
The three timing controls in the lower
right-hand corner allow the speed of the
fade-in and fade-out effects to be
changed to requirement. The 'fade-in'
control has a range of 0 to about 7 sec-
onds, independent of the time set with
the 'fade-out' control. The 'delay' contral
determines the time between the end of
the voice-over and the starr of the music
channel fade-in. The rangeofthiscontral
is 0 to about 5 seconds. Like the vax
level control, the 'delay' control is active
in the 'auto' mode only. lt is intended
mainly to prevent the music channel
being faded in during every short pause
in the voice channel.

Circuit description
The crueial parts in the circuit diagram in
Fig. 2 are two audio processor rcs Type
TDA1524A. All signal parameters (volurne.
balance, and tone) are set bycontrol voltages.

The left and right line signals are applied
to sockets BU3 and BU4 respectively and fed
to input pins4 and 150f the TDA1524A GO)
via coupling capacitors C26 and C27. Since all
active parts are contained in the TDA1524A,
onlya handful of external capadtors and re-
sistors is required to achieve the signal con-
ditioning fu.nctions. The bass level is
detennined by R.31,C32 and C33 for the left
channel, and R32, 06 arid C37 for the right
channel. The treble controls require one ca-
pacitor only: C34 (left) and 05 (right). The

bass and treble settings are controlled by
electronic potentiometers in the TDA 1524A.
These potentiometers, in turn, areeontrolled
by externally applied direct voltages. The
volume is set via control input pin 1, the bass
level via pin 9, the treble level via pin ]0, and
the balance via pin ]6. At a supply voltage of
10 V, the rangeof thecontrol voltage isabout
0.25 V to 4.0 on all these Inputs. The level of
the supply voltage hardly afleets the set-
tings, howcvcr. since the poten tiometers tha t
set the sound parameters, R27 - R30, are con-
nected to the referenee voltage supplied by
pin 17 of the TDA1524A. Capacitors C28-
C31 serve to suppress contact noises as the
potentiometers are turned.
The two volume contrals that opcratc at

pin 1 of JC3 form a special conftguration. in
which diode 012 isan important component.
The control voltage at the wiper of poten-
tiometer R2Sis fed to pin ] of IC3 via R26and
C28. The positive supply voltage for the
potentiometer is provided by the output of
ICsand potentialdivider RS"I-Rs2.In the 'Iine'
mode. R2S is supplied with about 4 V, which
allows the full volume range to be covered.
When the microphone is switched on, the
potentiometersupply voltage drops to about
o V, which would normally result in total
suppression of the mustc signal. Diode 012,
however. keeps the minimum volume con-
trol voltage at 0.7 V below the level set with
R27, the 'background' level control. The
operation of the driver circuit areund ICs
will be reverted to in due course.

Electrolytic capactror C38 forms a buffer
for the internal supply voltage of the
TDA 1524A, while 09 filters the supply volt-
age applied to the circuit.

The outpur signals at pin 11 (left) and 8
(right) of the TDA1524A are fed to the
summing inputs of inverting amplifiers IC4A
and IC4B via Cso-Raaand C41-R.34.The summ-
ing operation involves the two line signals
(left and rtght) and the microphone signal
supplied by 10.. Components with values
equal to those used for the line signals take
the microphone signal from output pins 8
and 11 of Kz to input pins2 and 6 of rC4. The
two opamps, IC4A and IC4ß, serve to invert
and to buffer the stgnals.

The leftchannel signal reaches the output
socket, BUs, via theoutputof lC4A, pin 1, and
R36-C42. Similarly, the right channel signal
arrives at BU2 via pin 7 of IC4 and R21-C25.

The microphone signals are treated by
IC2 and potentiometers Rn to R14, in a man-
ner similar to that described for the line am-
plifier, 10_ Thesupply voltageofthe volume
contral potentiometers is provided by pin 7
of ICse and potential divider R46-R47. The
two Inputs OfIC2 are driven in parallel by the
output of opamp rcrs, I:]

(to be continued next month)
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